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(iii)
' SUMMARY
A computer system for the control of a magnetic sector mass 
spectrometer has been designed, developed and tested.
The software accepts data from an interface to a gas 
chromatograph/mass spectrometer system, processes the data, in real 
time, to locate the mass peaks, displays the spectra as they are 
collected and records the mass spectral data for later display and 
analysis.
The computer system (MAGNOVA) has been designed to run as an 
integral part of an already existing computer system (QUADNOVA) for 
control of a quadrupole mass spectrometer. By this means economy of 
computer facilities and memory has been achieved, enabling one 
computer to control either mass spectrometer and allowing use of 
existing data processing and display software.
Thorough evaluation of the system has been undertaken, by 
comparison analysis of standard inert gas samples, by analysis of 
a sample of biological origin and a geochemical analysis. Qualitative 
accuracy was shown to be excellent and quantitative accuracy to be 
quite good. The system was also able to accurately analyse the 
output from long gas chromatograph runs.
(iv)
ABBREVIATIONS
COM Computer
CPU Central Processing Unit 
GC Gas Chromatograph
M.S. Mass Spectrometer
SECTION 1 : PRELIMINARY MATERIAL
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The Magnova System has been designed to provide a computerised 
data system for a magnetic sector (Dupont model 4191B) mass spectrometer. 
The computer system collects data, processes the data to simplify 
interpretation of the spectrum, stores all spectra collected and 
displays the spectra when commanded to do so. Thus use of the mass 
spectrometer is considerably facilitated, compared to use under manual 
control. As an already existing locally developed data system (the 
Quadnova System) was available for control of a quadrupole mass 
spectrometer, a decision was made to use the same computer for both 
systems. Consequent to that decision the data output from the Magnova 
system was tailored to produce spectra identical in format to those 
•produced by the Quadnova System. The overall Magnova System was then 
designed such that to the scientific user of both GC-MS-COM Systems 
there is no appreciable visual difference between the final spectra 
from either machine. Of course that is not to say that the Magnova 
spectra contain no inherent characteristics of a magnetic sector M.S., 
but rather that the presentation, appearance and commands needed to 
produce the two types of spectra are identical.
Under manual control the Dupont magnetic sector M.S. produces an 
oscillograph trace of the mass spectrum on light sensitive paper. This 
paper must then be exposed to reveal a scan time versus intensity trace. 
There is a non-linear relationship between scan time and the m/e ratio 
of the ions. Analysis of this trace is then carried out by laborious 
counting of peaks, to determine the actual masses present, using some 
recognised peak as a starting point. Although this method is only 
inconvenient for a single spectrum it becomes very tedious when applied, 
for instance, to the large number (typically three hundred) of spectra 
collected during a long GC run when the M.S. is, in essence, used as a
SECTION 1.1 INTRODUCTION
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detector for the gas chromatograph. In this technique when the M.S. 
is sampling the effluent from a GC run it is common practice to 
record a mass spectrum during each observed chromatographic peak of 
interest, as well as some spectra between peaks to obtain a representative 
’background1. This procedure results in quite large numbers of spectra 
that are time consuming to analyse but more importantly it also imposes 
a burden of selection on the M.S. operator. He must decide when to take 
the spectrum and which peaks to sample, possibly resulting in the 
irretrievable loss of information from those parts of the chromatograph 
allowed to pass (intentionally or otherwise) without recording of their 
mass spectrum.
With the foregoing points forming a series of design criteria, 
the Magnova System was planned to remove the tedium of manual peak 
counting, to integrate with the Quadnova System and to accept, process 
and store data at a sufficient rate to enable the system to keep 
scanning continuously during a GC-MS run for a complex sample.
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SECTION 1.2: FUNDAMENTAL DEFINITIONS
1.2.1 Types of Mass Spectrometer
Commercially available low resolution mass spectrometers are 
of two distinct types:
(i) magnetic sector machines; and
(ii) quadrupole machines.
The Dupont 4191B M.S. used in the Magnova System is a magnetic sector 
M.S. In such an instrument fragment ions, after having been produced 
in the source, are accelerated by an electric field and separated by 
a combination of electric and magnetic fields. The ions are, in 
general, selectively brought to focus on the detector by varying the 
strength of the magnetic field. The Dupont M.S., as an example, scans 
a fragment ion spectrum by decreasing the magnetic field, thus scanning 
down the mass spectrum from high to low mass.
The relationships ̂   ̂ between the magnetic field strength 
(flux density) B and the mass ratio m/e at the detector is given by 
Equation (1):
* 2 2
m/e = — «=— (1)
where r: is the radius of the magnetic sector and E the accelerating
( 2 )voltage. For the Dupont M.S. the magnetic field is varied with time 
and r and E are constant. Thus Equation (1) can be re-arranged into 
Equation (2):
m/e = KiB2 (2)
where Ki is a constant. This illustrates the non-linear relationship 
between mass and magnetic field strength (and thus time) for the 
magnetic sector mass spectrometer. *
A quadrupole M.S. on the other hand uses the electric field
produced by four charged rods to separate the ion beam. The field 
produced by these rods can be tuned by adjustment of the applied
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voltage levels to selectively focus any given m/e ratio ion onto the
detector. To scan a Conventional1 mass spectrum the field is varied
. . . (3,4)with time to produce a mass spectrum bearing a linear relationship 
between mass (m) and time (t) as demonstrated in Equation (3):
t — am ■+ b (3)
where a is the calibration constant and b the offset. Thus direct 
manipulation of the voltage levels applied to the quadrupole analyser 
will produce an easily calculated resulting m/e ratio at the 
detector. It is for this reason, since all control functions are 
electrostatic and can thus be set by voltages and relays directly, 
that quadrupole M.S. are relatively easily converted to computer 
control.
1.2.2 Computer Applications to Chemical Instruments
( 5—8)There are two basic methods of computer application 
to any general chemical instrument: these may be termed active and 
passive systems. These two general categories apply equally as well 
to a computer assisted M.S.
In an active system the computer is involved to a significant 
extent in the actual control of the machine. A passive application 
on the other hand is one where the machine providing the data is not 
under direct computer control and the computer system merely acts 
as a data collection and processing device.
Active control systems can be sub—divided into several 
categories:
(i) simple automation where the computer starts 
and stops a process directly;
(ii) systems where there is some aspect of 
software decision making; and
(iii) real time modification of the control
5
parameters.
A real-time computer control system is one in which the 
software completes processing of incoming data at least as fast as 
the rate of arrival of that data. This means that the computer system 
must be able to handle acceptance of data and run a processing program 
at the same time.
The Quadnova System falls into the active real-time control
category. In general for reasons expounded earlier, quadrupole M.S.
(9)systems tend to be more easily converted to active computer control* 
The scanning characteristics of a quadrupole machine can be altered 
by use of an active real-time computer system so that individual m/e 
ratios can be selected and switched rapidly.
In general for passive applications of computers to chemical 
instruments no direct control of the instrument by the computer is 
involved. Rather in a passive system the computer acts in a data 
collection mode. The computer system can perform simple data 
collection, can do data collection and some complex data processing 
or can also undertake file searching and pattern recognition.
In the Magnova system no direct control is exercised over the 
M.S. but rather data is collected from the M.S. interface. Data is 
accepted in real-time from the M.S., peaks are recognised and the 
data reduced in volume, analysed and converted into a mass-intensity 
spectrum available for display. The Magnova System is thus a passive 
real-time data collection and analysis system.
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1.3.1 Introduction
The Quadnova System, as developed at the University of Wollongong, 
is a real time Active1 on-line computer program designed to operate 
a gas chromatograph - quadrupole M.S. - digital computer in an inter­
active mode. The mass spectrometer is run under computer control with 
all essential machine parameters as well as the rate and amount of data
do)collection being governed by the user through the Quadnova System.
1.3.2 Software Outline
The software was written so that the Quadnova System user need 
have no knowledge of on-line assembler language computing. The basic 
cuvvw of the software is to buffer the user from the computer, 
yet by his answering simple interrogative prompts mable him to control 
the mass spectrometer. These interrogative prompts require simple 
answers, of the YES/NO or a numerical input variety so that the 
scientist user with some knowledge of mass spectrometry but little 
knowledge of computing can easily operate the Quadnova System.
The program consists of a series of operational segments and 
a calling segment named 'CONTROL'. The system functions under the 
general control of this calling segment which causes the program to 
branch to the appropriate operational segment and then to return to 
CONTROL when the specified task has been(completed. The calling 
segment is identified by the prompt ’OPTION:', soliciting a reply from 
the user to indicate which operational segment he wishes to use.
The current (Mark 6) list of operational segments is as follows:
CALIBRATE GC PLOT
SCAN MAKE
FETCH REPEAT
SECTION 1.3: THE QUADNOVA SYSTEM
BACKGROUND AUTO DISPLAY
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DISPLAY ISOTOPE
EDIT NIBBLE
The required segment is brought into operation by replying to the 
’OPTION:f prompt with the segment name or any abbreviation of the segment 
name incorporating its first letter, followed by a carriage return.
There are two large buffers within the system for the storage 
of mass spectra - the A (active) buffer and the B (background) buffer, 
each of which can contain the intensity values for a complete mass 
spectrum of up to 768 mass values. The A-buffer is used to store the 
mass spectral intensity data as it is collected in the SCAN Segment and 
the B-buffer is used to store a background spectrum for subtraction 
during display.
1.3.3 Operational Segments
The CALIBRATE Segment is used to internally calibrate the 
computer hardware and software against a substance of known mass 
spectrum (a fluorinated hydrocarbon reference gas, FC43). This reference 
gas is contained in liquid form in a small cylinder permanently connected 
into the M.S. inlet plumbing. The calibration sequence is completely 
automatic after the user has specified which mass range is to be used 
and the current date. Under normal circumstances the calibration 
procedure need only be carried out once per day.
The SCAN Segment is the primary data collection routine. It 
allows the user to set various operating parameters on the M.S., causes 
the M.S. to scan over a given mass range for a given number of times 
or allows discrete mass values to be sampled (mass fragmentography).
The segment also writes the collected data onto diskette and draws an 
on-line reconstructed GC plot or bar graph of the mass spectrum if 
required.
The user can either collect a single scan spectrum or continuously
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collect spectra as could occur for a long GC run over a period of 
several hours. The sensitivity of the M.S. is user-controlled by the 
use of two parameters. The first of these is the integrator gain 
control with three settings (high, medium and low) and a 10:1 ratio 
between each setting. The second parameter is the integration time 
which is the length of time the system accumulates signal at each mass 
value. This can be set to any value between 0.1 and 100 milliseconds 
with increments of 0.1 milliseconds. Another option available is to 
double the integration time above a user-set mass value. As the 
system automatically halves the resultant intensity there is no distortion 
of the spectrum and an improved signal to noise ratio is obtained at 
higher mass values where ions of low intensity but great significance 
are usually to be found.
The FETCH routine offers two types of FETCH, either a NEW FETCH 
or an old FETCH. If a NEW FETCH is required a data block is obtained 
from diskette, containing identifying information such as the heading 
and date and written into the beginning of the A-buffer. The data 
blocks for the required spectrum are then obtained from diskette and 
also written into the A-buffer. If an old FETCH is required, only the 
spectral data blocks are obtained from diskette, the heading already 
in the A-buffer is used.
The BACKGROUND Segment is used to copy the current contents of 
the A-buffer into the B-buffer in order to store a spectrum as a 
background spectrum for later subtraction from any other spectrum 
during operation of the DISPLAY Segment. This background subtraction 
process is used to eliminate certain peaks resulting from background 
material in the M.S. or column bleed from the GC.
The DISPLAY Segment is the data processing and display segment.
In this segment the stored spectra are displayed to the user via any
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of the available output devices. Spectra can be obtained as a line plot 
of mass versus intensity (normalised on the largest intensity peak in 
the range), as tables of mass and intensity (normalised or not) or as 
a table displaying the largest six intensity peaks of the spectrum. 
Additionally, a bar graph of mass versus intensity can be obtained on 
either the Tektronix graphical display terminal or on the incremental 
X-Y plotter.
For the first two types of output a number of display options 
are available. The entire mass range or any portion of it can be 
displayed, although the maximum mass range able to be displayed on the 
Tektronix screen is 250 mass units. For both these types of output a 
threshold value can be nominated by the user and only data having 
intensity values greater than this threshold value will appear on the 
output device selected.
A background subtraction option is also available at the user’s 
selection. This option is only available if a background spectrum has 
been stored in the B-buffer by previous use of the BACKGROUND Segment.
,If selected, the background spectrum is subtracted from the actual 
spectrum in the A-buffer before the spectrum is plotted or typed; the 
number of the subtracted background spectrum being incorporated in the 
heading section of the displayed output.
The GC PLOT Segment enables an off-line reconstructed plot 
similar to a GC trace to be produced from a diskette file of spectra 
nominated by the user. Unlike the on-line GC plots available as an 
option during the SCAN Segment, the off-line GC plot will always be 
normalised on the largest GC peak appearing in the file. By this 
means any small peaks or shoulders on large peaks will become more 
apparent. The user also has the option of choosing a 'Total Ion 
Current' peak where the average intensity value for each spectrum is
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plotted or a plot may be produced of the intensity value for a specified 
mass value or series of mass values for each spectrum. This latter 
plot enables the ready identification of the components of a mixed 
GC peak from the characteristic mass ions of the substances.
The MAKE Segment enables the creation of an artificial mass 
spectrum in the A-buffer able to be stored on diskette as a normal 
Quadnova spectrum. The user can thus create a data file which is 
compatible with the Quadnova data system from data obtained from 
other instruments or library files. The spectra thus created are then 
able to be manipulated by any of the other Quadnova options.
The REPEAT option allows the user to repeat an operational or 
utility segment without having to re-enter responses to all of the 
interactive prompts of the segment. If the response REPEAT is made 
to the OPTION: prompt the system response with the 'REPEAT OPTION:1 
prompt, allowing the user to select any of the permitted segments for 
repeating.
The AUTO Segment provides a means of automatically displaying 
a file of spectra without the need to laboriously answer the dialogue 
of the DISPLAY Segment for every spectrum. The first spectrum of the 
series is obtained by using the FETCH Segment and then the DISPLAY 
request is used to produce the required display of the spectrum. The 
AUTO Segment is then called and the number of cycles necessary specified. 
The AUTO Segment then cycles between the FETCH and DISPLAY to produce 
identical displays of the required number of consecutive spectra.
The ISOTOPE Segment is used to calculate the relative intensity 
values of two m/e values from a mass spectral scan. The segment is 
mainly used to calculate the amount of a natural compound relative to 
an added isotope in a given sample. The segment uses the data from a 
file of multiple scans of the substance and averages the ratios of the
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two m/e values specified to give a mean ratio. The standard deviation 
from the mean and the percentage standard deviation from the mean are 
also produced.
A number of options are available to the user within the 
ISOTOPE Segment. A Background Subtract Option is available for the 
subtraction of a background spectrum from each of the repeated scans 
before the relative intensities are calculated.
An option is available for the calculation of the concentration 
of the subject (sample) compound in the sample. This option uses the 
equation y = mx + b, where x is the unknown, y is the mean ratio of the 
series of repeat scans and m and b are constants entered by the user. 
These constants are determined from a previously constructed calibration 
curve of concentration versus peak height ratio.
The third option available displays the two intensity values for 
the selected m/e values together with the ratios in the output for 
each spectra.
The NIBBLE Option is provided to enable initial adjustment 
of the software at the time of establishing the system and to correct 
for cases of gross fluctuations in the hardware which have put the 
system calibration beyond the in-built limits of the system. The segment 
displays the internal ’N-value" (the reading from the Digital to 
Analogue Converter) for the respective reference gas mass value and 
allows the operator to alter the value to bring the calibration within 
the limits again. This process is repeated for each reference mass 
value.
The NIBBLE Segment differs from the other Quadnova segments in 
that a skilled M.S. operator is necessary to adjust the M.S. in 
conjunction with the use of the NIBBLE Segment to recalibrate the 
system. However as it is only used when setting up the system initially
or when a hardware change has seriously affected the instrument, 
there is no conflict with the aims of the Quadnova System.
SECTION 2: MAGNOVA SYSTEM DESIGN
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SECTION 2.1 INTRODUCTION
The Magnova operating system is a passive on-line computer 
program for the collection and manipulation of data from a magnetic 
sector mass spectrometer. The system has been integrated within 
the general framework of the Quadnova System, described in Section 1.3
14
Magnova is an option available to the Quadnova user and is 
selected by typing a response of ’M* to the prompt ’OPTION:1 of the 
Quadnova CONTROL Segment. This transfers control to the Magnova 
System. When all the required data has been collected and processed, 
the Magnova System returns to the Quadnova CONTROL Section and the 
prompt ’OPTION:* is given once more.
The final mass spectral information produced by Magnova is 
identical to that from the Quadnova System, thus all the data 
processing and display options available to the Quadnova user, as 
described in Section 1.3, are available to the Magnova user also.
As the Magnova System contains its own Calibration Section the 
Quadnova calibration data are not altered and the Magnova System may 
thus be used between groups of Quadnova scans and vice-versa without 
affecting the calibration of either system.
The same technique of question and answer interrogative 
prompting of the system user is carried out in the Magnova System as 
in the Quadnova System. Thus by design the user has two systems of 
very similar characteristics. For example, prompts requiring either 
a YES or NO response end in a question mark, *?’; prompts requiring 
a numerical response are terminated with an equals sign; prompts 
requring a key word to be entered terminate with a colon, while
prompts requiring a literal alphanumerical string response (such as 
ENTER DATE) have no terminator other than the carriage return and line
SECTION 2.2 SYSTEM OVERVIEW
feed.
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The Magnova System is separated into two segments - CALIBRATE 
and SCAN. These segments use a common routine (MAGSC) for data 
collection from the mass spectrometer. This routine is a command 
and calling routine which sets the parameters for the collection of 
intensity values and then calls another routine (PFIND) to find the 
’peaks1 in the resultant intensity spectrum. Subroutine MAGSC (and 
thus the Magnova System) is based upon a double buffered collection 
of data from the Mass Spectrometer interface via the Direct Memory 
Access (Data Channel) feature of the Nova computer. The hardware 
utilised in this process is described in Appendix B.2.
As far as the software requirements are concerned, two buffers 
(each 512 words long) are used. Whilst the data channel fills one 
buffer with sequential intensity values from the M.S., a peak recognition 
subroutine (PFIND) manipulates the previously collected data in the 
other buffer to locate all the maxima in the ion abundance spectrum.
This peak location procedure was adopted in order to reduce the large 
amount of consecutive intensity value data acquired from each spectrum 
to the minimum of information necessary for an accurately reproducible 
mass spectrum. When the data channel has completed the storing of 
information in the first buffer, the target buffer addresses are swapped 
and the data channel continues to store intensity values in the second 
buffer. Data manipulation and peak location then proceeds for the 
intensity values stored in the first buffer. This target buffer 
address swapping process continues until the scan has been completed.
The calling routine (MAGSC), as well as setting the parameters 
for the interface and the buffers, checks the flags on the hardware 
interface card. Thus the routine does not swap buffers until the 
done flag on the interface becomes non-zero, at which point the busy
SECTION 2.3 MAJOR SYSTEM SUBROUTINES
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flag is also checked. If the busy flag is zero indicating the 
end of a scan then the routine makes the appropriate calculations of 
the size of the final (partly filled) buffer.
The peak recognition routine (PFIND) is the backbone of the 
Magnova System. This routine is passed two words of information - the 
size and location of the buffer to be searched. The routine searches 
the buffer of sequentially stored intensity values for the occurrence 
of maxima (mass spectral peaks) . The data as received from the inter­
face consist of intensity values greater than the hardware threshold 
(appearing in the buffer as positive integers with an upper limit of 
32767 decimal), intensity values below the hardware threshold 
(appearing as zeros in the buffer) and intensity values greater than 
the overload situation for the interface (which appear as negative 
integers, that is with bit 15 set). The routine sets the overload 
intensity values to equal the decimal value 32767, the maximum 15 bit 
signal size. The routine checks all intensity values against a further 
software threshold (normally set to one) to eliminate zero intensity 
values. Maxima in the intensity spectrum (peaks) are recognised as 
commencing when any two consecutive intensity values are greater than 
the software threshold. Similarly peaks are considered to be 
completed when two consecutive intensity values are below the software 
threshold level. This method will thus disregard narrow noise spikes 
either above threshold between peaks or below threshold during a peak.
The actual intensity values occurring during a peak are summed 
using a moving f ive-membered ’window*. In this procedure a sum of the 
current intensity value and the previous four intensity values is 
continually up-dated by adding the current intensity value and 
subtracting the fifth previous value, i.e., a first in, first out (FIFO) 
stack is maintained. The highest of these running sums for a peak is
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recognised as the actual peak intensity value and is stored in an 
intensity value buffer. In order to be able to perform this summation 
process for a peak that occurs at the end of one buffer and the start 
of the next, the FIFO stack is not cleared out at the end of each 
sweep but instead allowed to run on into the next buffer sweep. The 
peak location routine (PFIND) also keeps a time count which is incremented 
whenever a new intensity value is obtained from the buffer. The time 
count for the highest ’moving window’ sum of each peak is recorded in 
a time buffer to enable later conversion to a mass value. A count of 
the total number of peaks located in a spectrum is also retained.
The output of subroutine PFIND consists of a sequence of 
ordered pairs (time, intensity) stored in two separate buffers and a 
counter, the value of which is the total number of peaks (ordered 
pairs) found in the spectrum. As most users require to know the mass 
values of the ions scanned rather than their times from an arbitrary 
zero point, a conversion from time to mass must be made. It is for 
this reason that a Calibration Segment is used to produce a look-up 
table of time values (in counts) for each integer mass value. A 
full description of the Calibration Segment is given in Section 2.5.
A conversion routine (CONVT) then uses this calibration table to 
find the mass equivalent to each time value of the collected spectrum.
An allowance is made for fluctuations between runs by taking an 
interval around each calibration table time and checking if the time 
from the spectrum lies within this interval. The interval used 
corresponds t o M  - 1/4 < X <  M + 3/4 where X is the time value from the 
spectrum and M - 1/4 and M + 3/4 the time values corresponding to 1/4 amu 
less than and 3/4 amu greater than the mass value (M) equivalent to the 
time value from the calibration table. As the M.S. is only used for low 
resolution studies, the intervals between masses will naturally adjoin
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each other and provide complete coverage of all possible time values.
At the conclusion of this time to mass conversion the mass 
spectrum obtained consists of a decreasing sequence of discrete integer 
mass values each one paired with a corresponding intensity value, stored 
in two separate buffers. There is also a counter the value of which 
is the total number of intensity peaks found in the spectrum.
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The operational segment of the Magnova System is the SCAN 
Segment. It uses the same format of interrogative prompting of the 
user as Quadnova to set parameters and options. Subroutine MAGSC 
is then called to perform the scan and find the intensity peaks. 
Subroutine CONVT is then used as in the Calibration Segment to convert 
the time values to mass values. The spectrum at this stage consists of 
a decreasing sequence of masses and their corresponding intensity 
values.
As the Magnova System is integrated within the Quadnova System 
and uses the Quadnova data processing and display routines, these 
separate sequences must be combined and expanded into a spectrum with 
the same characteristics as that produced by Quadnova, viz., a sequence 
of intensity values, one for every integral mass value of the scan range. 
The spectrum must also be reversed since the Quadnova System always 
scans from low to high mass whilst the Magnova System scans in the 
reverse direction. The reversal of the spectrum is performed first, 
the mass and intensity spectra being reversed into two separate buffers. 
Then an intensity only spectrum is produced using a subroutine (SPZER) 
which also transfers the spectrum to the A-buffer of the Quadnova System. 
Any mass value in the scan range not having a peak in the Magnova 
spectrum is given a zero intensity value during this transfer. The 
resultant spectrum, consisting only of intensity values, together with 
an initial and final mass value and an implied mass increment of unity 
is sufficient information to enable storage and retrieval of the 
complete spectrum by the Quadnova System. At the end of each scan 
the spectrum is written to diskette (or cartrifile magnetic tape) as a 
Quadnova-like spectrum. In this final form the mass spectrum is 
compatible with and can be handled by the Quadnova data processing and 
display software and the user has available all the options of the
SECTION 2.4 SCAN SEGMENT
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Quadnova data processing system as discussed in Section 1.3.3.
During the SCAN Segment a series of on-line display options are 
available to the user, similar to those used for the Quadnova Scan 
Segment. For Magnova an on-line GC plot is available, exactly as for 
the Quadnova System. The on-line Tektronix display of the mass spectrum 
is also available as presented in the Quadnova scan. The default for 
the on-line display produces a table of scan number and average peak 
intensity values. This ensures that the operator, in a position remote 
from the computer, is kept aware that the Magnova System is still 
receiving data from the M.S. and that there has been no interference to 
the data collection, processing and storage of spectra carried out by
the Magnova System.
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The CALIBRATION Segment is used to scan the spectrum of a sub­
stance of known mass spectrum (a fluorinated hydrocarbon reference 
gas, FC43) in order to establish the relationship between mass and 
time. The CALIBRATION Segment scans the reference gas in the normal 
manner using subroutines MAGSC and PFIND to produce a spectrum of time 
and intensity values. Particular intensity peaks are then selected 
either manually by the user or automatically by the system as 
reference peaks. For manual selection the time and intensity value 
spectrum is displayed on the output device and the user invited to 
select the peaks corresponding to masses 69, 131 and 219. The auto­
matic selection procedure uses a subroutine (AUTOC) which locates the 
three peaks based on the fact that the intensity peaks of the three 
masses 69, 131 and 219 are always the largest three peaks in the 
reference gas spectrum. The time for the peak with the largest inten­
sity value corresponds to mass 69. The time counts for the other two 
peaks represent masses 131 and 219 but not necessarily in that order. 
To establish the correct order of these peaks, the time counts are 
examined, the peak with the lower time value corresponds to mass 219, 
due to the downward scanning characteristic of the mass spectrometer.
After the time values for masses 69, 131 and 219 have been 
correctly assigned the two calibration factors for the mass ranges 69­
131 and 131-219 are calculated. In order to do this calculation, a 
relationship between calibration factor, time value and m/e value 
must be developed.
In Section 1.2, Equation (1) gave a relationship between the 
m/e ratio and the magnetic field strength (B):
m/e = (1)
SECTION 2.5 CALIBRATION SEGMENT
From this Equation (2) was developed, where Ki is a constant:
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m/e = KiB2 (2)
Now it has been shown in the literature^^ that the relationship between 
the magnetic field strength and time (t) is given by Equation (4):
B = K2eK3t (4)
where K2, K 3 are constants.
(5)
By substitution of Equation (2) into Equation (4) and
(8)re-arrangement, Equation (5) can be produced:
t = Kit In (m/e) 2 + K5 
where Ki* and K 5 are constants.
Now if a reference ion of time (tQ) and mass ratio (Mo) is 
used to establish a base for calculation and using M for the m/e ratio, 
substitution into Equation (5) produces Equation (6), after re­
arrangement :
M/M0 = e2/Kl,(t " to) (6)
Putting 2/Kit = 1/A, where A is a constant, leads to Equation (7):
t ~ tQ (7)M = Mq e A
By re-arrangement of Equation (7) to make the calibration factor (A), 
the subject of the equation, produces Equation (8):
A In (M/Mo) (8)
where In denotes the natural logarithm.
Equation (8) is then used by routine CONVT to convert time values 
to mass values. The constant (A) as used by the Magnova System then 
lies within the range 0 to 32767 allowed for a single precision fixed 
point variable. A then becomes the calibration factor for the mass 
interval Mo to M.
Using Equation (8) and the time values for the mass peaks 69 
and 131, the first calibration factor is calculated for mass range 69
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to 131. Then using the time values for the mass peaks 131 and 219 a 
calibration factor is calculated by use of Equation (8) again.
The calibration factor for the mass interval 131-219 is then 
used to calculate the approximate time for the next reference mass 
peak (mass 414 generally), using Equation (9), a simple re-arrangement 
of Equation ( 8) :
t = t0 - A In (M/Mo) (9)
the value of M used is 414, M0 is 131 and tG is the time value for mass 
131. Then using this calculated time a search is made of the reference 
gas spectrum for an intensity peak at approximately that time value.
A tolerance must be given around the calculated figure to allow for 
instrumental fluctuations. When the actual time value is found the 
next calibration factor is calculated using mass 219 as Mq and mass 414 
as M and tG and t as their respective time values. This process is 
repeated for the remaining reference mass values. At present six 
calibration factors are used over the intervals 69, 131; 131, 219;
219, 414; 414, 464; 464, 502 and 502, 576. Provision has been made
to add another calibration factor should this be necessary. By the 
use of the six abovementioned calibration ranges, peaks up to mass 600 
are assigned their correct mass values after a scan under the normal 
operating conditions.
A table of masses, intensity values, counts (time values) and 
slopes (calibration factors) is then constructed and output to the 
user as a visual check on the system calibration.
. Using the appropriate calibration factor at any section of the 
mass range and Equation (2), a table of calibration time values is 
constructed, one time value for each integer mass value of the scan 
range. In Equation (2) to and M0 are the reference mass values next 
below the actual mass (M) whose time (t) is being calculated. The mass 
range usually extends from a lower limit of 40 amu (STARM) to a
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calculated upper limit. This upper limit is calculated from the mass 
equivalent to a time of zero, that is, the mass at which the mass 
spectrometer begins its downward sweep. Equation (1) is used to cal­
culate the mass (M), using the uppermost reference mass less one as 
Mo and its time as to, with t as zero. Thus Equation (1) currently 
becomes (10):
1 5 0 2
Mh  = M 5 o 2 e A (10)
where A is the calibration factor for the range 502-576 amu. Mjj the 
calculated mass is then decremented by two atomic mass units in order 
to allow for any slight instrument or interface fluctuations between
successive scans.
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The current version of the Magnova operating system fulfils 
of the original aims of the project and provides a very useful 
analytical tool. The system is extensively used by a highly active 
research group within the Department of Chemistry at the University 
of Wollongong. In bringing the system to this level of sophistication, 
however, many problems were encountered and numerous solutions to these 
problems had to be tried. The purpose of this section is to outline 
some of the various approaches which were tried as the system gradually 
evolved.
2.6.1 Calibration
A problem encountered early in the implementation of the 
software was the calibration procedure utilising a reference gas of 
precisely known mass spectrum. Initially a manual calibration 
technique was used, somewhat similar to the current alternative manual 
calibration technique. The whole spectrum was displayed to the user 
as a table of peak number, time value (in counts) and intensity value.
The operator was then requested to select those peaks corresponding to 
m/e 69, 219 and 414. The peaks for 69 and 219 were quite prominent 
but the amount of signal necessary to enable an operator to clearly 
distinguish m/e 414 readily could in some instances cause a large 
number of other peaks to be present in the spectrum and confusion arose, 
leading to incorrect assignment of that peak.
This problem was overcome by design and implementation of an 
auto-calibration feature using a new subroutine (AUTOC). This subroutine 
used relative intensity ratios, the intensity peak for m/e 69 being 
clearly the largest value in the spectrum, whilst those for m/e 219 
and 131 were the next two largest intensity values. To distinguish 
between these two peaks, use was made of the fact that 219 being the
SECTION 2.6 SOME PROBLEMS ENCOUNTERED DURING IMPLEMENTATION
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larger in terms of mass would have a lower time count than 131 and 
so could always be uniquely identified. With intensity and time values 
for 69 and 219 established, the approximate position of m/e 414 could 
be calculated and an additional subroutine used to locate, (within an 
empirically defined range), the actual peak. The calibration factors 
for the ranges 0-219 and 219-414 could then be readily calculated.
2.6.2 Assignment of Mass Peaks
When analysing spectra with several mass peaks in the range 250 
to 350 amu, an early version of the system was prone to misalignment 
of the mass numbers. This phenomenon was manifested in a known peak 
at say 280 amu being shown as 281 by the Magnova display segment. The 
problem was traced to an observed slight deviation from the theoretical 
time to mass conversion algorithm.
The solution adopted was to alter the three reference mass 
peaks, two calibration factor basis for the time and mass conversion 
to a procedure where up to eight reference peaks could be used, each 
pair of peaks having its own calibration factor. For flexibility, the 
reference peak assignment can be readily changed in the object binary 
without a re-assembly being necessary. Thus the deviation from the 
algorithm used is diminished by reducing the mass range used between 
any pair of reference peaks.
2.6.3 Time to Mass Value Conversion
The original time to mass conversion technique made use of 
the floating point interpreter package provided as standard software 
by Data General. At the end of a scan the time value for each peak 
was converted, in real-time, to a mass value using Equation (7) 
as discussed in Section 2.5.
t - to
M = M0 e A (7)
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This procedure involved a preparatory subroutine to arrange 
the parameters, a call to the floating point interpreter, conversion 
from single precision to floating point numbers and calculation of the 
mass value as a floating point number. That value was then converted 
back into a single precision number and an exit made from the 
interpreter.
This process, although simple in mechanism, proved to be very 
time-consuming when implemented, especially when a large number of 
peaks were present in the spectrum. Such a situation occurs regularly 
during the analysis of peaks in a gas chromatograph run when an intense 
peak containing a collection of components is scanned.
The normal scan time for the M.S., operating under the most 
used conditions totals approximately seven and one-quarter seconds.
This is made up of five and a quarter seconds to scan over the usual 
mass range from 800 to 30 amu and two seconds for the magnetic field 
to recover and stabilise. Thus at the end of a scan a time of two 
seconds is available for all processing and storage of data. It was 
found that with the early version of the Magnova System there was 
insufficient time to perform all these calculations for a scan which 
contained a large number of peaks. The effect of this problem was to 
cause occasional scans to be missed by the Magnova System software. This 
was because the system would be still performing calculations when the 
M.S. began the next scan of a substance producing a large number of 
peaks.
A number of optimisation techniques were implemented to reduce 
the number of commands used in the floating point interpreter, by 
manipulation of the exponential relationship and storage of floating 
point constants between scans. Although some improvement in calculation 
speed was achieved it was not sufficient to solve the problem.
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The solution finally devised was to completely redesign the 
software time to mass conversion procedure. The present system produces 
a map of time values, one for each possible mass value in the low 
resolution mass range. This map is produced by the calibration phase, 
at which time a few extra seconds spend in calculation are not of any
significance. At the end of each scan, the time value for each peak is
compared with the values in the map; if a match is not found a linear 
extrapolation is made between adjacent reference time values. In this 
manner there is compensation for any slight machine fluctuations 
between scans. This technique has proved to be most efficient, 
eliminating all previous problems of missing scans even when the M.S. 
is used to analyse a GC run containing a large number of peaks in each 
spectrum. As the M.S. is operated as a low resolution instrument there
is no loss of accuracy in this time to mass conversion procedure.
'i
SECTION 3: EVALUATION OF THE SYSTEM
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The Magnova System is utilised by most research groups within 
the Department of Chemistry at the University of Wollongong as well 
as some outside organisations. The M.S. system is operated to 
produce low resolution mass spectra using GC input as well as liquid 
(direct) injection. The major use of the Magnova System is for the 
analysis of samples having a biological origin. For example, the M.S. 
has been used for studies involving the investigation of metabolic 
disorders in young children. This required analysis of the amniotic 
fluid of unborn children as well as the study of urine samples from 
small children.
The initial running trials of the Magnova System were conducted 
on duplicates of these daily samples, submitted for routine analysis 
under manual operation of the M.S. At that early stage continual 
comparisons were made between the results of the manual peak counting 
technique from an oscillograph recording and those obtained from the 
Magnova System print-outs. These comparisons enabled assessment of the 
Magnova System for qualitative analyses.
To assess the quantitative performance of the Magnova System a 
number of standard samples were analysed and results compared with those 
of the literature. Tested substances included the inert gases Krypton 
and Xenon and the organic compound Bromobenzene.
SECTION 3.1 INTRODUCTION
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SECTION 3.2 INERT GAS ANALYSIS 
3.2.1 Introduction
A technique previously adopted^ \  involving analysis of the 
stable isotopes of inert gases was employed for quantitative assessment 
of the Magnova System. It has been reportedv that inert gases are 
ideal samples for testing isotopic ratio measurements because their 
abundances have been analysed a c c u r a t e l y a n d  because there is 
only a single isotopic species per mass, unlike organic compounds where 
isotopic mixtures of carbon, nitrogen, oxygen and hydrogen contribute 
to a particular mass value.
For both Krypton and Xenon analyses the gaseous sample was 
introduced into the M.S. using a gas-tight syringe and repeated spectra 
collected as long as adequate sample pressure remained. Table I 
summarises the operating conditions for the instrument when analysing 
these inert gas samples.
TABLE I: OPERATING CONDITIONS, DUPONT 4191B M.S.
M.S. Pressure 2 x 10 7 torr
M.S. Scan Rate 4 seconds per decade
Sampling Rate 3,000 per second
Upper Mass Limit 600 amu
Ion Source Temperature 240° Celsius
3.2.2 Krypton Analysis
To enable the Magnova System results to be evaluated, comparison 
was made with literature analyses for Krypton. These reference spectra 
for analysis of Krypton^"^ are not theoretical values but rather the 
result of many very accurate isotope ratio determinations using 
specialised high resolution magnetic sector mass spectrometers. Table II
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shows the relative abundance figures for the Krypton isotopes, both
experimental analysis results and those of the literature, normalised
in both cases to an intensity value of 100 for m/e 84. The
experimental Krypton analysis figures are the simple mean of twenty
consecutive scans for the one sample of Krypton. The raw data produced
by the Magnova System has been processed using the Quadnova System
ISOTOPE routine (discussed in Section 1.3.3) to give the ratios of the
peaks related to m/e 84 as a normalised value of 100.0. The ISOTOPE
(17 18)routine also produces the mean value and standard deviation * 
from the mean for each peak.
TABLE II: KRYPTON ISOTOPE RATIO ANALYSES (20 Scans)
Literature Results Magnova Results
m/e
Relative
Abundance
Normalised
Abundance
Normalised
Abundance
Standard devi­
ation from mean
82 11.553±0.009 20.3 18.7 5.2
83 11.536±0.009 20.2 18.6 5.3
84 56.982i0.001 100.0 100.0 -
86 17.318i0.009 30.4 27.4 4.2
The figures shown in Table II indicate excellent correspondence 
with the literature values. All mean intensity values are within ten 
percentum of the literature values and the experimental standard 
deviation values indicate quite a small spread of results about the 
mean.
3.2.3 Xenon Analysis
The conditions used to analyse Xenon gas samples were identical 
to those used for Krypton. Xenon analyses results are shown in 
Table III. Sixteen successive spectra were recorded whilst the sample 
pressure remained adequate.
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TABLE III: XENON ISOTOPE RATIO ANALYSES (16 Scans)
Literature Results Magnova Results
m/e Relative abundance
Normalised
Abundance
Standard devi­
ation from mean
129 98.6 98.6 4.9
130 15.2 14.5 3.5
131 78.8 77.0 3.7
132 100.0 100.0 -
134 38.8 34.9 3.9
Again the spectra have been processed by the Quadnova option 
ISOTOPE to produce a normalised spectrum of mean values and a standard 
deviation from the mean compared to the largest peak (m/e 132) set to 
100.0. The tabulated results show good agreement with the literature
n c  \
results'“ , whilst the standard deviation figures show quite a small 
spread of samples about the mean value.
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In order to further examine the relative performance of the 
Magnova System, a sample of liquid redistilled Bromobenzene was 
analysed. Bromobenzene is a simple organic molecule which, because 
it incorporates the halogen Bromine, produces two peaks (m/e 156 and 
158) of approximately equal intensity values. Thus Bromobenzene 
provides a further suitable test substance for isotopic ratio 
measurements. The analysis conditions were similar to those 
described in Table I for Krypton and Xenon analyses. The results 
of Bromobenzene analyses are shown in Table IV and compared with the 
literature results .
SECTION 3.3 BROMOBENZENE ANALYSIS
TABLE IV: BROMOBENZENE (20 Scans)
Literature Results Magnova Results
Normalised Standard devi-
m/e Normalised abundance Abundance ation from mean
156 97.7 96.2 3.24
158 100.0 100.0 -
Again the results show quite good agreement with the literature 
figures and the standard deviation (for twenty successive scans) shows a 
small spread from the mean. '
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To demonstrate the qualitative analysis abilities of the 
Magnova System a sample of urine extract was selected from the 
GC-MS-Computer system.
SECTION 3.4 URINE EXTRACT ANALYSIS
TABLE V: URINE SAMPLE ANALYSIS CONDITIONS
Patient's name PSANI
GC Column 3% Apiezon on 2 metres glass; 
4 mm ID column
Temperature Programming
Initial temperature 110°C
Final temperature 202°C
Rate of increase 10° per minute
M.S. scan rate 4 seconds per decade
Sampling rate 3,000 per second
Scan range 600 to 40 amu
The sample was introduced into the GC and after the carrier gas 
(Helium) had eluted, computer and M.S. scanning of the effluent 
commenced. The conditions used are shown in Table V. Temperature 
programming of the GC was used to produce nine significant peaks on 
the GC analogue recorder. At the same time the Magnova System was 
producing a total ion current plot. Figure 1 shows how this plot 
accurately reflects the GC profile from the analogue pen recorder.
The Magnova spectra recorded during the GC run were then analysed 
by the Display functions of the system and printed out if necessary. 
These spectra were then examined to identify the components. If these 
were not readily classified then reference was made to a data library 
of mass spectra, stored on the University's main computer mass storage, 
to enable the actual compounds to be identified. By use of these
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procedures all nine significant peaks were uniquely identified 
as shown in Table VI.
TABLE VI : URINE ANALYSIS, PSANI
Peak Number Spectrum Number Compound
1 9 Lactic Acid
2 12 1, 3 Propane Diol
3 27 3-OH Isobutyric Acid
3a 35 2-Me, 3-OH Butyric Acid
4 39 3-OH Isovaleric &-ĉ cA
5 42 O-cresol and Phosphoric Acid
6 46 Urea
7 . 73 p-OH pbenylacetic acid
8 82 Glucuronide
t
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As a further example of the diverse use possible for the 
Magnova System at the University of Wollongong, a shale oil extract 
fraction has been analysed to identify the constituent compounds.
The shale oil was obtained from the Green River Oil Shale Deposits 
in Colorado, U.S.A. The results will be used as a basis for comparison 
with Australian shale oil analyses. The shale oil was divided into 
fractions as shown in Table VII and the branched and cyclic alkane 
fraction analysed by computer GC-MS.
To obtain this fraction the shale oil was extracted with Hexane 
to give the Hexane soluble portion and the Asphaltenes or Hexane 
insoluble portion. Then the Hexane soluble portion was extracted with 
acid to remove the basic fraction and with base to remove the acidic 
portion. The remaining neutral fraction was then subjected to open 
column chromatography on Alumina and Silica. The fractions are eluted 
by use of a series of increasingly polar solvents, Hexane, Benzene, 
Dichloromethane and Methanol. The first fraction obtained was the total 
alkanes which was then further separated into a branched and cyclic 
alkane fraction and a straight alkane fraction. This separation was 
achieved with the use of molecular sieves which abstract the straight 
chain alkanes. The branched and cyclic alkane fraction is then 
sufficiently simplified to run capillary GC-MS using conditions shown 
in Table VIII.
The GC plot (Figure 2) from the Magnova System shows a portion
of the spectra collected, for clarity some of the early spectra and
quite a large number of the later spectra have been omitted. Seven
major peaks were found in the GC analysis, represented by the
seven large peaks in the Magnova GC plot (total ion current plot) . The
(19)spectra of these peaks have been found to correspond to the
SECTION 3.5 OIL SHALE FRACTION ANALYSIS
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TABLE VIII: SHALE 0IL 
CONDITIONS
BRANCHED AND CYCLIC ALKANES ANALYSIS
GC Column 30 m glass SE30 Support Coated 
Open Tabular
Carrier Gas Helium
Flow Rate 3 ml per minute
Temperature Programmine
Initial temperature 50°C
Rate of increase 4°C per minute
Injector temperature 275°C
M.S. Conditions
M.S. Pressure 2 x 10 7 torr
M.S. Scan rate 2 seconds per decade
Sampling rate 8,000 cycles per second
Upper mass limit 600 amu
compounds listed in Table IX. The actual spectrum at Peak 7, corres­
ponding to Phytane is shown in Figure 3, exhibiting the characteristic 
alkane feature of peaks 14 amu apart corresponding to the loss of a CH2 
group. With the conditions used for the GC-MS analysis no molecular 
ion is produced in Phytane.
TABLE IX: SHALE OIL BRANCHED AND 
GC-MS PEAK ANALYSIS
CYCLIC ALKANES FRACTION
Peak Number Spectrum Number Compound
1 86 2, 6 Dimethylundecane
2 96 2, 6 Dimethyldodecane
3 115 Farnesane .
4 127 2, 6, 10 Trimsthyltridecane
5 155 Norpristane
6 163 Pristane
7 177 Phytane
RE
LA
TI
VE
 
IN
TE
NS
IT
Y
*
F IG U R E  3
MAGNOVA P H Y T A N E S P E C T R U M
B R R N C H E D  R L K f ì N E S  CGR) G C E I  • i P T H  J U L Y  ' B l  
S P E C T R U M  N O .  ill 
f i R X  I N T E N S  = 1 3 9 0 3
MASS U N ITS
t - 1
42
SECTION 3.6 CONCLUSION
The results given earlier in the section for Krypton, Xenon 
and Bromobenzene show that although it was basically designed to 
be a qualitative system, the Magnova System can be used with some 
limitations to perform isotope ratio measurements. All three sets of 
standard sample analyses were carried out on normal working days, in 
the late afternoon following on from analyses of numerous biological 
and other samples. No special bake-out or clean-up procedures were 
adopted, so the results truly reflect the normal operational 
conditions of the MS-computer system.
The results given for the urine extract and oil shale fraction 
show that the Magnova System enhances the performance of the M.S. 
with no loss of qualitative accuracy. Indeed small isolated peaks or 
shoulders easily overlooked under manual control are more readily 
noticed in the Magnova System displays. These peaks could have been 
overlooked either because of the tedium of the manual peak counting 
procedure with oscilloscope trace output or by not scanning regions of 
the spectrum or the GC run in order to reduce the amount of trace 
needed. The day-to-day operation of the M.S. became more routine and 
less expensive as computer paper or VDU screens are used rather than 
costly light sensitive oscillograph paper. As another bonus the 
throughput of samples increased as less time was spent on the tedius 
process of manual peak counting. Both the urine analysis and the shale 
oil analysis illustrate the ease with which large quantities of data 
can be collected and only pertinent portions output in detail by the 
scientist or research worker.
By storing spectra on floppy discs, should the scientist decide 
that some areas of the GC profile need more analysis then the spectra 
can easily be recalled. This feature was used to display the oil shale
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analyses which had been stored for some time on disc. The samples also 
illustrate the ability of the Magnova System to analyse long GC runs 
of the order of three hundred spectra.
SECTION 4; APPENDICES
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A.2 CALIBRATION Segment
In the Calibration Section the program queries the user to 
obtain the calibration parameters and upon receiving the appropriate 
response collects data from the M.S. A small quantity of the 
reference compound, the gas Heptacosafluorotributylamine (FC43) is 
used to provide a known mass spectrum. Using the most intense peaks 
of this spectrum a series of calibration factors are established.
These factors enable the conversion of the time and intensity data 
obtained in a scan to mass and intensity data able to be output 
as a mass spectrum to the user. Two alternative methods are 
available to select the reference peaks from the FC43 spectrum: 
the manual mode, where the user chooses peaks from a tabular display; 
or the automatic mode, where the system selects the correct peaks.
The calibration factors are then calculated and displayed in a table 
together with the reference peak data. The table of calibration times 
is then calculated, one time for each mass value to enable the 
conversion of scan times to masses. The time spectrum of the reference 
gas is then converted to a mass spectrum, the system calibrated flag 
set and a jump made back to the beginning of the Calibration Section.
The program commences from an answer of 1YES* to the CALIBRATE?* 
prompt, or a repeat calibration option. The calibration flag is set 
to one and the message 'ENTER DATE* sent to the output device. The 
date received is then stored in the A-buffer by use of the file 
command of standard routines of the Quadnova system. A carriage 
return and line feed are then output and the starting mass set to 
M = 40 (STARM). The message 'SCAN SPEED (SECS/DECADE =) ' is then 
sent to the output device and a jump made to subroutine DATIN to 
accept the user numerical response. If an error is made in the 
data entry, return is made to CALSC + 1 to restart the system. If 
not the scan speed is stored and the message 'SAMPLES PER SEC =' sent
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to the output device. A jump is then made to subroutine DAT IN to 
collect the user scan acquisition rate response. If an error occurs 
return is made to CALSC + 1 .  If no error the scan acquisition rate 
is stored and a call made to subroutine SETSW to calculate the 
window size for subroutine PFIND. A carriage return and line feed 
are then output and the pass flag (PASS) checked. This flag is 
zero as the system has not been used since it was loaded into memory, 
indicating that the reference gas mass values may need to be 
converted to floating point format, therefore a call is made to sub­
routine SETAF. If the pass flag is non-zero subroutine SETAF is not 
called, the message 1INJECT REF GAS1 is sent to the output device, 
and the block counter for the disc dump is set to 10 (octal). A jump 
is then made to subroutine REDY to type the system ready message. When 
an appropriate response is made to this routine the data collection 
is commenced by a call to subroutine MAGSC. At the completion of the 
data acqusition and peak location the disc dump flag (DFLAG) is 
checked, if non-zero a jump is made to subroutine DSCAN to read back 
the data on diskette. If zero a jump is made to subroutine CPAGE 
to clear the screen and set the page delay flag if the Tektronix 
terminal is in use. Then AC — 2 is set to be an index register to 
the table of reference peak data and the console switch positions 
read into AC - 0. If console switch 0 is not set the user wishes the 
automatic system calibration to be carried out. Accordingly, the 
peak counter (PCNT) is checked to see if there are peaks in the 
spectrum, if zero the error routine OEROR is called to inform the 
user. If non-^zero the automatic calibration routine AUTOC is called, 
on return the manual calibration section is skipped and the calibration 
table display section entered.
If console switch zero is set, however, then a manual calibration
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is required and the time intensity spectrum is output by a call to 
subroutine OUT, followed by a carriage return and line feed. The 
first reference mass is then passed to subroutine REFPK and the user- 
initiated response of the corresponding time and intensity values 
stored in the reference table. If an error occurs in subroutine REFPK 
return is made to reload the mass value and call the subroutine again. 
If no error, the process is repeated for the next reference mass. If 
an error occurs the return is to reload the first mass and restart the 
process. If no errors occur the process is repeated for the third 
reference mass. If an error occurs return is to the beginning of the 
series of queries. If no errors occur, after storing the time and 
intensity values in the reference peak table, two carriage returns 
and line feeds are generated to space the output and the calibration 
table display section entered. The system message, data and heading 
are output, spaced to produce an easily understood table. The index 
register to the reference peak data (AC - 2) is then restored to its 
base value and the first two time values obtained and a jump made to 
subroutine SETCL to calculate the A-factors, and print the data 
presented in the table. On return from this subroutine, the sub­
routine CALMR is called to calculate the highest mass for the cali­
bration table (HMASS) , equivalent to time zero less two mass values. 
This value is then stored as the default stopping mass (MSTOP) for 
the Scan Section and a jump made to subroutine CALMS to calculate the 
corresponding time value (TSTOP), to provide a default value for the 
equivalent calculation in the Scan Section. The calibration time 
table is then constructed by a call to subroutine TIMAS and used to 
convert the calibration (time) spectrum to a mass spectrum by using 
subroutine CONVT. A 'carriage return and line feed are then output 
and as the system has been successfully calibrated, the system
calibrated flag (SYCAL) is set and return made to CALSC + 1 to 
enable the user to recalibrate or scan.
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A.3 SCAN Segment
The Scan segment commences by setting a number of flags and 
parameters, obtaining some of these from the user by standard 
interrogative prompts. The same routines used in the Calibration 
Section are used for data collection and peak location. However 
a^ er acquiring the raw time and intensity data some manipulation is 
necessary to produce the mass spectrum. Initially the time values 
are converted to mass values using subroutine CONVT and the table of 
calibration times constructed by subroutine TIMAS during the Calibra­
tion Section then the list of mass values is reversed to produce an 
ascending sequence, as are the intensity values. The sequence is 
then checked for the occurrence of intensity peaks having the same 
mass value. If any are found only the largest intensity for that mass 
value is retained, the other peaks being ignored. The spectrum is 
then transferred to the Quadnova A—buffer with those mass values not 
present in the Magnova Spectrum being given zero intensity values in 
the A—buffer. The spectrum is then written to diskette and after some 
more parameters are checked the next scan in the series is collected.
The actual Scan Section commences by setting the scan counter 
(SCNT) and the calibration section flag to zero and initialising the 
pointer to the average peak intensity buffer (AWAL). The system 
calibrated flag (SYCAL) is then examined 5 if zero the system has not 
been calibrated, the message 1 SYSTEM UNCALIBRATED * is typed out and 
return is made to the Calibration Section to enable calibration of the 
system. If the flag is set the message 1 ENTER FILE NAMET is output 
and the user’s label for the spectral series filed using the Quadnova 
FILE subroutine. The repeat flag (RFLAG) is then checked and if 
set a jump is made to STAPE to repeat the series of scans. If the 
flag is not set, the ordinary scan is continued with the background,
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display and on-line plot flags being preset to zero. A call is then 
made to subroutine CHEKM to query the user for the scan upper mass 
limit, the error return from the subroutine causes a jump to be made 
back to the beginning of the Scan Section. If no errors, the message 
NUMBER OF SCANS = ’ is sent to the output device and a jump made to 
subroutine DATER to collect the userfs response. The error return 
causes a jump to the subroutine CHEKM again, thus repeating the 
previous prompt. If no error, the response is stored as the number of 
scans required (NSCNS), AC - 0 set to one and a call made to Quadnova 
subroutine GTAPES to prepare to write the spectrum to diskette by 
collecting the user’s write file number. The error return for this 
subroutine is a jump to the CONTROL segment for the prompt ’OPTION:1. 
On successful return a carriage return and line feed are output and 
the repeat flag checked. If the flag is set a jump is made to write 
the heading block and repeat the scans, if not set the prompt ’ON-LINE 
GC PLOT?* is sent to the output device. A call is then made to 
subroutine REPL to receive the response, if the response is an arrow 
a jump back to STAPE is made to repeat the previous questions. If 
the response is YES (Y), the GC flag (GCPT) is set to one and the 
axes and label are drawn for the total ion current plot. On return 
from this routine or if the response is NO (N) the question ’DISPLAY?’ 
is output, querying whether the user wishes an on-line plot 
(necessarily of restricted mass range to enable each scan to be 
collected). A jump is then made to subroutine REPL for the user 
response, if it is an arrow, a jump is made to repeat the GC plot 
query. If the response is YES (Y), AC - 0 and the display flag (DSPT) 
are set and a jump made to the on-line plot initialisation routine.
The error return from this routine causes a jump to the ’DISPLAY’ 
query. On successful return the heading block is written to diskette
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and the scan loop entered at ENTSC. The message 1 START SCAN* is sent 
to the output device followed by the call to subroutine REDY to type 
the ready message. On return from that subroutine a jump to sub­
routine MAGSC is made to begin the data collection and peak location 
process. At the conclusion of the data collection the disc dump flag 
is checked and if set a jump is made to subroutine SCAN to read the 
buffers back from diskette and locate the intensity peaks. On return 
or if not set, the peak counter (PCNT) is examined. If there were no 
peaks found in the spectrum a jump is made to subroutine OEROR to 
inform the user. If peaks were present, subroutine CONVT is called to 
convert the time values to mass values. After the conversion, the 
starting mass is stored at the beginning of the BUFFER 1 and the 
mass values then reversed from the M-BUFFER to the BUFFER 1. This 
procedure is necessary since, as the mass spectrometer scans from high 
mass to low mass, the peaks found will be reversed to a normal mass 
spectrum. The intensity values must also be reversed from the I­
to the M-BUFFER with the intensity value corresponding to the starting 
mass being set as zero. The peak counter is then incremented, the 
stopping mass (MSTOP) placed at the end of the masses, zero at the 
end of the intensity values and the peak counter incremented again.
A jump is then made to subroutine FILTER to calculate the total 
ion current, average peak intensity and eliminate any multiple 
intensity peaks having the same mass value. On return from sub­
routine FILTER the average peak intensity is stored, and the on-line 
GC plot flag examined. If it is set a jump is made to the subroutine 
APLOT of Quadnova to draw the line on the GC plot. On return or if 
the flag is not set subroutine SPZER is called to transfer the Magnova 
spectrum to the Quadnova A-buffer and fill in mass values not present 
in the Magnova spectrum with zero (dummy) intensity values. Thus
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the spectrum then consists of a series of intensity values together 
with an initial and final mass value and an assumed mass increment of 
one. The scan counter is then incremented and stored in the A-buffer 
and the on-line display flag examined. If this is set the on-line 
display is drawn on the Tektronix graphics terminal and the spectrum 
written to diskette. If an on-line display has not been requested the 
scan number and average peak intensity are printed on the output device 
followed by a carriage return and line feed and the spectrum written 
to diskette. The contents of the C—Register on the Magnova interface 
card are then obtained and bit 15 examined. If this bit is set the 
scan button has been lifted by the M.S. operator, indicating that the 
user wishes to pause in the series of scan being collected. A jump 
is then made to the location beyond the ’START SCAN1 message. If the 
bit is not set the console switches are read, if bit 0 is set the 
user wishes to terminate the series of scans and a jump is made to 
SCOUT. If bit zero is not set but bit one is set, the user wishes to 
pause in the scan series (in the same manner as lifting the scan 
button) and a jump is thus made to ENTSC + 2. If none of these 
options are indicated the scan count is compared to the requested 
number of scans.and if less a jump is made to ENTSC + 3 to continue 
scanning. If not less than the requested number of scans, the series 
has been completed and a jump is made to Quadnova routine CLOSE to 
make the appropriate entry on the diskette directory to enable the 
scan series to be retrieved when the user desires. The GC plot flag 
is then checked, if set a jump is made to close off the total ion 
current plot. If not set then the query 'AV PK INTS?1 is output and 
a jump made to subroutine REPL. If the user response is YES (Y) a 
call is made to subroutine LPAV to list the average peak intensity 
values across the line on the output device in six columns, if NO (N)
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or an arrow response, then return is made to the Quadnova CONTROL
segment.
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A.4 Other Subroutines
The subroutines used within the Magnova System have been arranged 
in alphabetical order. A program description appears for each sub­
routine within the Magnova program software. For similar descriptions 
of the Quadnova software routines called see elsewhere . Flow­
charts and listings appear in Appendix C.
The subroutines are as follows:
AUTOC MAG SC
CALCA OUT
CALMR PFIND
CALMS PKER
CHECKM PRCAL
CONVT READY
CPAGE REFPK
DATER REPL
DISC DUMP ROUTINES REVER
ERMSG SETAF
FEROR SETCL
FILTER SETSW
FINDH SPZER
HINEG TIMAS
LOCRF TOBI
LPAV UPTOM
A.4.1 Subroutine AUTOC: 
This subroutine is used in the automatic calibration routine
of the Magnova system. It locates the time values for mass value 
peaks 69, 131 and 219 by searching the time buffer and passes these 
values in correct order, together with their respective intensities, 
back to the main program., The subroutine consists of a calling
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section and two additional subroutines FINDH and HINEG.
Calling parameters
AC - 2 Reference peak table pointer.
Output parameters
AC - 0 Time value for mass 69.
AC - 1 Time value for mass 219.
Description
Subroutine AUTOC commences by saving the normal return address. 
Subroutine FINDH is then called to locate the peak with the highest 
intensity value. This peak should correspond to mass 69 of the 
reference gas spectrum. The time for mass 69 and the intensity buffer 
location are then stroed. The intensity value corresponding to that 
peak is then obtained and if greater than the maximum 15 bit signal 
size (77777 octal) a jump is made to PKEQ to signal an error 
condition. The message *OVERLOAD — REDUCE GAIN!! 1 is output and a 
jump made to subroutine PKER to output the "TYPE 1R’ WHEN READY" 
message and recalibrate the system. If the intensity is below the 
maximum subroutine HINEG is called to negate this intensity and thus 
make it transparent to subroutine FINDH. Subroutine FINDH is called 
again to locate the next highest intensity value which corresponds 
to either mass 219 or 131. The time and intensity buffer location are 
then stored and subroutine HINEG called to negate the intensity value. 
The next highest intensity is then located by calling subroutine FINDH 
again, this peak corresponding to either mass 131 or 219. The time 
and intensity buffer location are then stored. The sign of the 
intensity values for the first two peaks are restor ed to positive by 
calling subroutine HINEG twice.
As there are occasionally fluctuations in either the sample pressure 
or M.S. electronics whilst calibrating using the reference gas, the
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relative sizes of the intensity peaks can alter. To accommodate these 
variations the three peaks found are checked and placed in reverse 
order of their times. Thus the section commencing at ABENT - 3 
checks the relative sizes of the first two time values. If T1 is 
greater than T2, T2 and T3 are compared. If T2 is greater than T3 
then the peaks are in their correct order since the highest time is 
the lowest mass (69) and a jump is made to ACENT. If T2 is less than 
or equal to T3 the respective times and intensity buffer location 
pointers are swapped. Then a jump is made back to ABENT, which will 
check that the peaks have been swapped correctly.
If T1 is not greater than T2, then T1 and T2 are swapped, as are the 
respective intensity buffer location pointers. A jump is then made 
to ABENT to check this and determine if T2 is greater than T3 or not. 
Thus when ACENT is reached the three peaks are ordered correctly and 
correspond to masses 69, 131 and 219. The respective time values and 
the intensity values are then stored in the table of calibration 
data and a normal subroutine return made.
A.4.2 Subroutine CALCA:
This subroutine calculates the calibration (A) factor used for 
calibration and time to mass conversion. Equation (8) is used which 
is a rearrangement of the standard time to mass ¡equation.
Both a floating point 1A t value, for subroutines CALMS, CALMR and TIMAS, 
and an integer 'A' value, for subroutine PRCAL, are calculated.
Calling parameters
a = ^ 4 s^ln(M/Mo) (8)
AC - 0 Time for lower mass value (M0).
AC - 1 Time for upper mass value (M).
AC - 2 Index register to table of reference peaks.
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Output parameters
AC - 1 Integer calibration factor
Floating point calibration factor stored in reference table.
Description
The subroutine commences by storing the normal return address. The 
difference TLOWER - TUPPER is then calculated by subtracting AC-1 from 
AC - 0. This is stored at TDIF + 1 and the lower order (TDIF) set to 
zero preparatory to conversion to floating point format. The floating 
point interpreter is then entered and the two reference masses obtained 
from the calibration table. The A-factor is then calculated and stored 
in the reference peak table after converting the time difference (TDIF) 
to floating point form. The A-factor is also converted to integer form 
and an exit made from the interpreter. A jump is then made to 
subroutine FEROR to check the floating point error flags, if none are 
set a normal return is made from subroutine CALCA with AC - 1 contain­
ing integer A-factor. If any of the error flags are set subroutine 
FEROR informs the user who can then take appropriate action.
A.4.3 Subroutine CALMR:
This subroutine is used to calculate the highest possible mass 
value 1 scanned1 by the mass spectrometer. This mass value is used in 
constructing the calibration time table. The mass value is calculated 
by setting time equal to zero and using the highest reference mass pair 
and the corresponding A-f actor in Equation (7), which is the same 
basic equation as used in subroutine CALMS: 
tp-t
M = M0 e A (7)
Calling parameters
The reference table pointer is passed to subroutine CALMR in AC - 2, 
pointing to the highest pair of reference masses.
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Output parameters
The calculated mass from Equation (7) is reduced by two mass units, 
and returned to the calling program in AC - 1.
Description
The subroutine commences by saving the return address. The highest 
reference mass time is then obtained from the table pointed to by AC - 2. 
The time is then stored as the low order portion of a temporary, 
double precision word (TREF), the high order portion being set to zero. 
The floating point interpreter is then entered and the temporary time 
value word converted to a floating point word. The highest mass is 
then calculated by use of Equation (2) where Mq is the lower mass of 
the two reference mass values, to is the corresponding time, A is the 
A-factor for the highest pair of reference peaks and t is set to zero.
The resultant floating point mass value is stored back in the 
temporary word (TREF) and convertered to integer double precision 
form. Exit is then made from the floating point interpreter and the 
floating point error flags checked using subroutine FEROR. If an 
error has occurred and one of the flags is set subroutine FEROR provides 
as response. If no flags set, the low order portion of the temporary 
word is taken as the highest integer mass value. It is decremented 
by two mass units and checked to ensure it is still greater than zero.
If so a normal subroutine return is made with AC - 1 containing the 
mass value. If less than or equal to zero a jump is made to sub­
routine ERMSG for an error halt.
A.A.4 Subroutine CALMS:
This subroutine is used to calculate the time value for any 
given mass value using Equation (9):
t = tQ - A* In (9)
where M is the mass, tQ the reference peak time value, M0 the
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reference peak mass value and A the calibration factor. The sub­
routine is used by subroutine TIMAS during calibration to calculate 
the times for calibration masses.
Calling parameters
AC - 1 Mass value.
AC - 2 Index register to reference peak table.
Output parameters
AC - 0 Calculated time value.
Description
The return address is saved and then the parameter passed in AC - 1 
saved also. Then the time and mass for the appropriate reference 
peak, as well as the A-factor are obtained from the reference peak 
table. These constants are set into temporary locations, the floating 
point interpreter entered and the mass value converted to floating 
point form.
Although Equation (9) is the basis for subroutine CALMS, it cannot 
be followed logically due to limitations inherent in the Data 
General extended floating point interpreter used. Thus the logic of 
Equations (11) - (14) is followed, with the extended floating
X = LN(M) (11)
Y = LN(Mo) (12)
Z = X-Y (13)
T = A * Z + 0.5 (14)
point interpreter instruction FALG used to calculate the required 
natural logarithms. The final time value (MTM) after ’rounding-up* is 
converted back to double precision integer format. An exit is then 
made from the floating point interpreter and subroutine FEROR called 
to check the floating point error flags. If none of these flags has 
been set the low order portion of the time (MTM) is converted to
60
relative time by subtracting it from the reference mass time. This 
time value is then passed back to the calling program with a normal 
subroutine return.
A.4.5 Subroutine CHEKM:
This subroutine is used in the scan segment of the Magnova 
System to obtain the stopping mass (MSTOP) from the user by the use of 
subroutine UPTOM and to calculate the new TSTOP, the time corresponding 
to MSTOP. This time value is used in subroutine PFIND to ignore the 
peak location.process above the MSTOP value.
Calling parameters 
Nil
Output parameters 
Nil
Description
The subroutine commences by saving the return address. A jump is then 
made to subroutine UPTOM to obtain the user*s MSTOP value. If an 
arrow response is made by the user, return from subroutine UPTOM is 
to call + 1 and a normal subroutine return is made from subroutine 
CHEKM to indicate an arrow response. Otherwise a new TSTOP is 
calculated. To do this AC - 2 must be set as an index register to 
point to the calibration factor for the highest pair of reference 
masses. This is achieved by loading AC - 2 with the A—factor buffer 
address (AFACT) and adding twice the number of reference mass peaks 
then subtracting two. With AC - 2 set this way a jump is made to 
CALMS subroutine to calculate the time for MSTOP. The time passed 
back in AC - 0 is stored as TSTOP and a return made two locations 
beyond the subroutine call.
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A.4.6 Subroutine CONVT:
The Magnova System calibration and scanning sections use 
subroutine CONVT to convert time values into mass values. Use is made 
of the table of time values generated during calibration of subroutine 
TIMAS, to establish the mass for each time value. Some allowance is 
made for machine and electronic fluctuations by construction a range 
about each calibration time value, so that a scan time value falling 
range -1/4 amu to +3/4 amu of any mass value will be 
assigned to that mass value. Provision is made for duplicate time 
peaks and overrun of the scan times above and below the range of 
times in the calibration table.
Calling parameters
Scan time values in the M-buffer.
Output parameters
Mass values in the M—buffer, overwriting their corresponding time values. 
Description
The subroutine commences by saving the return address. Counter (CCNT) 
is then initialised to the number of peaks in the spectrum and the mass 
pointer TMASS is set equal to the highest mass (HMASS) in the spectrum.
AC - 2 is then set as an index register to point to the calibration 
time table, the scan time buffer point (PMASB) is initialised to point 
to the M-buffer and the first and second calibration times obtained 
from the table. The difference between these times (and one and three- 
quarters of the difference) is calculated, AC - 1 and TMDEC are then 
set to the first time minus three-quarters of the difference and •
AC - 3 and TPDEC are set to the first time plus one-quarter of the 
difference. The first scan time is then obtained and compared with 
the contents of AC - 1, if less than or equal to AC - 1 a call is 
made to subroutine ELIMT to eliminate these extra intensity peaks
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from the spectrum as they do not fall within the spectral region of 
interest to the user. If the scan time is greater than AC - 1, it 
is compared to AC - 3, which contains the upper limit of the time 
interval around the calibration table time. If the scan time is not 
greater than the contents of AC - 3 a jump is made to the CINP1 portion 
of the subroutine. With the scan time greater than the calibration 
table time a loop is entered at CINP with the mass being decremented 
and the calibration table register incremented. The next calibration 
table time is then loaded into AC - 0, the previous time into AC - 1 
and the difference between these two times is used to construct the 
upper limit to the time range around the calibration table time. The 
lower limit to the range is obtained from the upper limit to the 
previous range (TPDEC) plus one. The upper and lower limits to the 
current range are then stored (as TPDEC and TMDEC respectively) and 
the present scan times obtained. If it is greater than the upper 
limit to the range then the loop is continued at CINP, obtaining the 
next calibration time value. If the scan time is less than or equal 
to the upper limit of the range, it is then checked against the lower 
limit, if less than the lower limit of the range an error condition 
is indicated and a jump is made to the ERMSG subroutine. If the 
scan run time is within the range then the mass value in MASS must be 
allocated to that peak. However the mass is first checked against the 
starting mass, if less than the starting mass (usually 40) the peak is 
ignored as being beyond the spectral region of interest, the peak 
counter (PCNT) is decremented by one and a jump made to CINP to 
continue. If the mass is greater than or equal to the starting mass 
then the mass is stored in the time buffer, replacing the scan run 
time. The counter is then decremented and if zero the end of the 
spetrum has been reached and a normal subroutine return occurs. If
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non-zero, the scan time buffer position is incremented and the next 
scan time obtained and compared to the range for the previous time.
By this means peaks with the same or similar scan times (identical 
integer mass values) are allocated the correct mass. If the scan time 
is greater than the upper limit of the previous range then the peaks 
are not duplicates and a jump is made to CINP to continue the loop.
If the scan time is less than the upper limit of the previous range 
it is checked against the lower limit. If less than or equal to the 
lower limit the peaks are separate and a jump is made to CINP to 
continue the original loop. If the scan time is greater than the lower 
limit then a duplicate peak has occurred, the previous mass is stored 
in the scan time buffer as the current mass and the duplicate masses 
loop continued (at CINP1 + 5).
Subroutine ELIMT
The small subroutine ELIMT is only used when peaks occur with scan 
times less than the lowest calibration table time. As the calibration 
table is constructed from the mass corresponding to time zero,
(HMASS), less two mass units down to the starting mass (usually 40), 
the subroutine would only be used in a case of machine or operator 
aberration or software change elsewhere in the system.
The subroutine commences by saving the return address (ELRET) and 
storing the mass equal to the highest calculated mass (HMASS) in the 
current location in the time buffer. The scan time buffer pointer is 
then incremented and the counter decremented. If the counter is zero 
an error has occurred and a jump is made to error subroutine ERMSG. 
Otherwise the scan time is compared to the lower limit of the range 
around the calibration table time and if the scan time is not greater 
than the lower limit the loop is continued at ELIMT + 1 until it is 
greater.than the limit. Then a normal subroutine return is made with
64
the contents of AC - 3 restored to the value before the call to 
the subroutine.
A.4.7 Subroutine CPAGE:
Subroutine CPAGE is used to interface to the Tektronix driving 
software. By setting parameters, the screen is cleared on the device 
and automatic paging by the driver software initialised for the 
Tektronix model visual display unit.
Calling parameters 
Nil
Output parameters
Line count set to thirty-four.
Auto page clear flag set.
Description
The subroutine commences by saving the return address. The line counter 
is then set to thirty-four, one less than the number of lines on the 
screen. Thus when the carriage return and line feed command is sent 
to the terminal a clear screen (page) command is forced from the 
driver software. Then the page clearing flag (EXTPG) is set to ensure 
automatic software paging and a normal subroutine return made.
A.4.8 Subroutine DATER:
This subroutine is a standard data input routine for the 
Magnova System. It accepts numerical input from the user and provides 
an error return, to the normal return address. If the numerical 
response is not in error, return is made to the calling program two 
locations after the call.
Calling parameters 
Nil
Output parameters
AC - 1 Numerical response.
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Description
The subroutine commences by saving the return address and then jumps 
to standard routine NUMIN. This outine accepts an integer decimal 
number up to seven digits long from the input device with the octal 
equivalent in AC - 1 and the break character in AC - 0. This break 
character is checked and if a rubout then the user wishes to have the 
figure replaced. Accordingly three X's are output to signify that the 
number has been ignored and a jump made to the data input section to 
receive new data.
If the break character is not a rubout, it is checked against a slash,
/ , which indicates that the user wishes to abort whichever spectrum 
is in use and return to Quadnova control. Accordingly, if the break 
character is a slash a jump is made to control. If the break 
character is not a slash it is checked against the coding for an 
arrow (136). The arrow indicates that the user wishes to go back 
one prompt in the main program. In order to achieve this, a return 
is made one location after the subroutine call. The main program 
software then interprets this return and jumps to the previous 
question or query. If the break character is not an arrow then the 
number entered is assumed to be the correct response and return is made 
two locations after the subroutine call with the numerical response 
in AC - 1.
A.4.9 The DISC DUMP Routines:
The DISC DUMP routines were designed and implemented at a time 
when it was necessary to be able to examine the raw data from the mass 
spectrometer. Accordingly they were designed to transfer the intensity 
values directly to diskette without any manipulation, yet to be able to 
read these diskette records back at a later stage and process the data 
in the normal manner. This latter facility was never extensively used.
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The suite of routines consists of some code inserted into the MAGSC 
area plus routines SETNO, DSCAN, DREAD, DRITE and use of error 
routine ERMGS. Access to the DISC DUMP routine is via a flag (DFLAG) 
which is normally set to not use DISC DUMP. By alteration in memory 
of this flag the programmer can use the routines.
Subroutine SETNO
Used in the DISC DUMP section to read in a buffer from diskette, modify 
the first two locations and write it back to diskette. These locations 
are the negative of the total block count and the word count in the 
last buffer.
Calling parameters
AC - 0 Length of the buffer from the mass spectrometer.
Output parameters
AC - 0 Buffer address for call to disc read/write routines.
No parameters in return to calling program.
Description
The parameter passed in AC - 0 is stored as the word count (MMBUF)' in 
the last buffer, the normal buffer length (512 decimal words) obtained 
and the last buffer written to diskette. The number of the next block 
to be written is then saved (HCBLK) and the first buffer written 
obtained by use of subroutine DREAD and placed in BUFI. The count of 
thè number of buffers written in the current scan (or calibration run) 
is then obtained, negated and stored as the first location in BUFI.
The word count in the last buffer (MMBUF) is then obtained, negated 
and stored in the second location of BUFI. The buffer is then written 
back to diskette and return made to the calibration section via the
return address of subroutine MAGSC.
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Subroutine DSCAN
The modifications to calling routine MAGSC cause the data from the mass 
spectrometer to be written directly to diskette, subroutine DSCAN is 
used to read back the data and calculate the peaks in the normal 
manner. In effect it duplicates MAGSC but instead of obtaining data 
from the M.S., DSCAN obtains its data from a record on diskette.
Calling parameters 
Nil
Ouput parameters
Appropriate parameters are set in calls to subroutines PFIND, DRITE, 
DREAD. No parameters on return to calling program.
Description
Subroutine DSCAN commences by saving the return address and setting 
the next block to be written as the next vacant block on diskette.
The buffer pointer is then set to BUFl and the ’initial pass through 
subroutine PFIND1 flag (MAGPT) set to zero. A call is then made to 
subroutine DREAD to read the first buffer from diskette into BUFl.
The first location of the buffer is then obtained, negated, reduced 
by one and stored as the block counter (BLKCT). The second location 
in the buffer is then obtained, negated and stored as the word count 
in the last buffer (BUFM). The word count in a normal buffer (NBUF) 
is then loaded into AC - 0 and a jump made to subroutine PFIND to 
locate the peaks in the buffer. On return the buffer counter (BLKCT) 
is decremented and if zero a jump is made to ENDSC. If not zero the 
pointer to the buffer is set to BUF2 and another two blocks (one buffer) 
read from diskette. The buffer length is then loaded into AC - 0 and 
a jump made to subroutine PFIND to locate the peaks. The buffer 
counter is then decremented and if zero a jump is made to ENDSC. If 
not zero the reading of a buffer from diskette and location of peaks
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within that buffer, is repeated for the next buffer. The buffer 
counter is again decremented, if not zero the process is repeated by 
looping at DENTR. If the buffer counter is zero the end of buffer 
section is entered at ENDSC to read the last buffer from diskette and 
locate the peaks. The starting block (NBLOK) is then reset and the 
return made in the normal manner from subroutine DSCAN with the peaks 
found stored in the X—Buffer in the normal manner.
Subroutines DRITE and DREAD
These routines are used by the DISC DUMP routines to write and read 
from diskette. Both routines call the WDOS standard routines DISCIO 
for actual transfer to and from diskette.
Calling parameters
AC “ 0 Address of buffer to be filled or put to diskette.
Output parameters
To subroutine DISCIO — standard parameters.
AC - 2 Stack pointer.
AC - 1 0 for read, 1 for write.
Description
Both these routines use the WDOS operating system subroutine DISCIO 
to perform the actual data transfer, the only difference in the Magnova 
subroutines being that DREAD sets AC - 1 to zero whilst DRITE sets 
AC - 1 to one, as an indicator to subroutine DISCIO of the read or 
write mode. After the setting of AC - 1 both subroutines have common 
code which commences by saving the subroutine return address and then 
loading the software stack pointer into AC - 2. This pointer is 
necessary to enable subroutine DISCIO to collect from the stack the 
drive unit number, the starting block, the number of blocks to be 
transferred and the first location to be transferred. Then the contents 
of AC ~ 0, passed to both DREAD and DRITE as the address of the buffer
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to be read from or written to diskette, are stored on the stack, 
as well as the starting block. This starting block is then incremented 
twice in its original location and a call made to subroutine DISCIO 
to perform the data transfer. The error return (to CALL + 1) indicates 
that no unfilled blocks remain on the diskette and a jump is made to 
the error message routine ERMSG. Otherwise, on successful return an 
exit is made in the normal manner from the common code of subroutines 
DREAD or DRITE.
A.4.10 Subroutine ERMSG:
This subroutine is used to replace a HALT instruction when an 
obvious error condition is being tested. When called it types the 
messages "ERROR HALT" and "TYPE 'R' WHEN READY'!. Then if the user 
wishes to abort he can respond with a slash TV  and go back to Quadnova 
CONTROL segment. Alternatively the response fR f will cause the sub­
routine to return one location after its call and the main program to 
continue.
Calling parameters 
Nil
Output parameters 
Nil
Description
The subroutine commences by saving the return address and then typing 
the message ’ERROR HALT1 to the output device by use of the WRITE 
command. Then a jump is made to subroutine REDY to print the message 
»»Type 1 R* WHEN READY" . If a correct response is made and return is 
made from subroutine REDY, a normal subroutine return is made from 
subroutine ERMSG.
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A.4.11 Subroutine FEROR:
This subroutine checks the floating point interpreter error 
flag. It is called by subroutines that make use of the floating point 
interpreter software for calculation, such as subroutine CALMS.
Calling parameters 
Nil
Output parameters
Nil
AC - 2 Preserved through routine.
Description
The subroutine commences by saving the return address and the contents 
of AC - 2. A jump is then made to subroutine CHEKF of the ISOTOPE 
segment of QUADNOVA to check the floating point error flags. The 
normal return from this routine is to CALL + 2. When this return occurs 
AC - 2 is restored and a normal subroutine return made to the calling 
program. If a return to CALL + 1 occurs an error is signified. The 
message »FLOATING POINT ERROR» is sent to the current output device 
using the standard routine WRITE. Then a jump is made to location 
CALSC at the beginning of the Magnova Calibration Section where the 
floating point interpreter instruction FINI will clear these flags and 
the Magnova System will restart normally.
A.4.12 Subroutine FILTER:
This complex subroutine is used in the Scan Section of the 
Magnova System to remove duplicate intensity values having the same 
mass value. It also calculates the sum of all intensity values in the 
current spectrum and the average peak intensity. The subroutine 
consists of an initialisation section, an exit section and two loop 
sections to handle equal and non-equal masses respectively. When 
duplicate intensity values are found the subroutine places the highest
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of the intensity values at the first location and zeros for the other 
intensity locations and masses. Then when subroutine SPZER is used to 
transfer the spectrum these zero values will be disregarded.
Calling parameters
Call + 1 
Call + 2
Address of mass value buffer. 
Address of intensity value buffer.
Output parameters
Nil, returns to Call + 3 locations. 
Description
The subroutine commences by saving the contents of AC - 3 as the normal 
return address. Then both words of a double precision word (TOTIC), 
to be used to store the total intensity sum for the spectrum, are set 
to zero. The contents of the first location after the subroutine call 
are then obtained, using AC - 3 as an index register, and stored as 
the M-buffer pointer (APPPF), similarly the contents of the second 
location are stored as the I-buffer point (BPPPF). A counter (PPPF) 
is then initially set equal to the number of peaks (PCNT) in the 
spectrum and AC - 2 (the previous mass) cleared. A loop is entered 
FILP and an intensity value obtained from the intensity buffer. The 
total intensity value sum (total ion current) is calculated by adding, 
in double precision arithmetic using standard routine DSUM, the 
current intensity value to the previous sum (initially set to zero).
The corresponding mass value is then obtained and compared to the 
previous mass in Ac — 2. If the masses are not equal no action need 
be taken and a jump is made to FILT2 to continue checking through the 
spectrum. If the masses are equal a duplicate peak is indicated and 
the current intensity obtained. This is compared with the previous 
intensity and if higher is kept as the peak intensity. By this means 
only the largest (intensity) duplicate peak is retained. The buffer
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pointers (changed to obtain the previous intensity) are then restored 
and zero stored in the appropriate I and M-buffer locations. The 
buffer points are then incremented and the counter decremented. If the 
counter is zero the end of the spectrum has been reached and a jump 
made to the exit section of the subroutine. If the counter is non­
zero the current mass is loaded int AC — 0 and compared to the 
previous mass in AC - 2. If the masses are not equal all duplicate 
peaks at the previous mass have been considered and a jump is made to 
FILP to continue through the spectrum. If the masses are still equal 
another duplicate peak is indicated which must be compared to the 
original intensity value (pointed to by BSTR). If the current intensity 
is greater than the original intensity it is stored as the original 
(or actual peak) intensity. The equal masses loop is then continued 
with a jump to FILT1.
The section commencing at FILT2 contains the non—equal masses section 
and the exit section for the subroutine. The section commences by . 
moving the contents of AC - 0, the current mass to AC - 2 to be used 
as the previous mass in further comparisons. The I and M-buffer 
pointers are then incremented and the counter decremented and checked 
for zero value. If the counter is non-zero there are further peaks to 
be checked in the spectrum and a jump is made to FILP. If the counter 
is equal to zero checking of the spectrum has been completed and the 
6xit section is entered. The double precision peak intensity sum 
(in TOTIC) is then divided by 100 (decimal), using the standard routine 
DIVID, to produce a single precision average peak intensity. The 
factor of 100 is an arbitrary choice to produce an average peak intensity 
bearing a constant relationship to the total ion current (total intensity 
sum) . The remainder of the division is checked and if necessary the 
average peak intensity is bounded-up* to the next higher integer. The
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high order portion of the quotient is also checked for zero, if non­
zero then the average peak intensity is set equal to the maximum 
single precision value of 32767. The average peak intensity is then 
stored and return made to the subroutine call plus 3 locations.
A.4.13 Subroutine FINDH:
This subroutine is used in the auto-calibration section to 
locate the highest intensity value in the I-buffer and its corresponding 
time value.
Calling parameters 
Nil
Output parameters
AC - 0 Time value in counts for the highest intensity value.
AC - 2 Position in the I-buffer of the highest intensity
value.
Description
A pointer (TBUF) is set to the M-buffer, containing the time values.
AC - 3 is then initialised as an index register with the address of 
the first location in the I-buffer and the peak counter (ACNT) preset 
to the number of peaks in the spectrum. The first intensity value is 
then stored as the initial maximum intensity together with the locations 
of the corresponding time value (TSTRE). The I-buffer pointer (AC - 3) 
is then temporarily saved (in AC - 3) and the peak counter decremented.
A loop is then entered (at FNDLP), the pointers to the time and intensity 
buffers (TBUF and AC - 3) are incremented and the next intensity value 
obtained. If bit 15 is set or the value is zero it is ignored, the 
buffer counter decremented and another intensity obtained. If the 
intensity value is greater than zero (a true peak) it is compared to 
the previous highest intensity value and if not greater then the 
counter is decremented and the loop re-entered. If greater then the
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current intensity is stored as the new highest value and the pointer 
to the corresponding time value adjusted accordingly. The buffer 
counter is then decremented (as is done each pass through the loop) and 
if non-zero the loop continued. If zero then the buffer search has 
been completed. AC - 0 and 2 are then set with the exit parameter and 
a normal subroutine return made.
A.4.14 Subroutine HINEG:
This subroutine is used to negate the highest intensity value 
in the intensity buffer. This process enables subroutine FINDH to
ignore the intensity value and locate the next highest value.
Calling 
AC - 2
parameters
Pointer to physical location in buffer of 
value.
intensity
Output parameters 
Nil
Description
The intensity value is loaded into AC - 1 using AC - 2 as an index 
register. It is then negated and stored back into the intensity buffer. 
By only negating the intensity value subroutine HINEG can restore the 
original value at a later stage. Return is then made to the calling 
routine.
A.4.15 Subroutine LOCRF:
This subroutine is used to accurately locate a reference time 
peak and its intensity value in a spectrum when given an approximate 
(calculated) time value. Allowance for machine fluctuations is made by 
introducing a range around the given time value. Within the range the 
subroutine locates the peak with the highest intensity, thus allowing 
for isotope peaks. The approximate time value is passed into the 
subroutine in AC - 1 and the accurate time passed back into AC - 1 with
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its corresponding intensity value in AC - 2. The subroutine is called 
by:
JSR LOCRF
Return here if peak not found in range T-D to T+D.
Return here if peak found.
Calling parameters
AC - 0 Approximate time value.
Output parameters
AC - 1 Accurate time value.
Description
The subroutine commences by saving the normal return address. Then 
a counter (CNTPl) is set equal to the number of peaks (PCNT) in the 
spectrum and pointers to the mass and intensity buffers are initialised. 
AC - 0 is then set equal to the approximate time (in AC - 1) plus the 
decrement (DECR), whilst AC — 2 is set equal to the approximate time 
minus the decrement. A loop is then entered at LOCLP and the first time 
value obtained. The time value is checked against the lower limit of 
the.' range of time values and if not greater than the limit a jump is 
made to L0CL1 to go around again and get the next time value. If the 
time value is greater than the lower limit it is then checked to see 
if it is lower than the upper limit. If it is not, then an error 
condition prevails and an error subroutine return is made. If the 
peak falls within the time range the return address is incremented and 
a section entered which finds the highest intensity in the time range.
At L0CL2 the counter is decremented and checked for zero. If zero all 
peaks have been considered and return is made two locations beyond the 
subroutine call with the located time in AC - 1. If the counter is non­
zero the intensity and mass buffer pointers are incremented and the 
next time value obtained. This value is checked and if greater than
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the upper time range return is made two locations beyond the sub­
routine call with the actual peak time in AC - 1. If the time value 
falls within the range then its corresponding intensity value is 
compared to the previous highest one so as to find the highest intensity 
within the time range specified. If the current intensity is less 
than the previous highest intensity a jump is made to L0CL2 to get 
another peak. If the current intensity value is greater than the 
previous highest intensity value then it is stored as the highest 
intensity together with its time value and a jump made to L0CL2 to 
check the next peak.
At L0CL1, which is entered when time values are less than the lower 
limit of the range, the mass and intensity buffer pointers are . 
incremented and the counter decremented. If the counter is then 
zero the end of the spectrum has occurred without the peak being found 
and an error condition return is made. If the counter is non-zero then 
a jump is made to LOCLP to get the next time value and check if it is 
within the time range.
A.4.16 Subroutine LPAV:
This subroutine is used to list average peak intensities in rows 
of six figures, thus permitting more rapid type out of the table. The 
subroutine is called at the end of a series of scans if a table of 
average peak intensities was requested.
Calling parameters 
Nil.
Output parameters ,
Nil
Description
Subroutine LPAV commences by saving the return address. The remainder 
of the subroutine can be divided into three sections, viz., an
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initialisation section, a scan number printing section and an average 
peak intensity printing section.
The initialisation section sets the pointer (AVPT) to the average peak 
intensity buffer, sets the scan number (NUMM) to one and sets the scan 
counter (CNTSC) to equal the total number of scans plus one.
The scan number printing section begins by setting a counter equal to 
six. This figure is the number of average peak intensity values to be 
printed per line. The scan number (NUMM) is then checked against the 
total number of scans (SCNT). If it is less than the total, the scan 
number is printed, if greater than the total, the scan number printing 
step is skipped. In either case the counter (CNTN) is then decremented 
and checked for zero value. If non—zero the output device is 
tabulated four spaces and the loop continued to print another scan 
number. If the counter is zero, all six scan numbers have been 
Pointed on the present line and a carriage return and line feed are sent 
to the output device. The counter is reset to six and the average peak 
intensity printing section entered. The scan counter (CNTSC) is 
decremented and if zero the series has been completed. A carriage 
return and line feed are then sent to the output device and a normal 
subroutine return made. If the scan counter is non—zero the next average 
peak intensity is obtained from the buffer and printed. The buffer 
pointer is then incremented and the counter decremented and checked for 
zero value. If it is zero the line of average peak intensities has 
been printed so two carriage returns and line feeds are sent to the 
output device, using the standard routine CARLF, and a jump made to 
the scan number printing section to print the next line of scan numbers. 
If the counter is non-zero the output device is tabulated four spaces 
to the right and the loop continued to print another value.
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A.4.17 Subroutine MAGSC:
Subroutine MAGSC is the scanning routine for the Magnova 
Calibration and Scanning Sections. The subroutine starts the data 
channel, calls subroutine PFIND to locate the peaks in the spectrum
and calls the subroutines to write the buffer contents to diskette if
a DISC DUMP is required. The subroutine consists of a calling routine, 
three subroutines and an end of scan routine. The three subroutines 
are: to pass the information to the interface and start the data 
channel; to wait for the done and busy flags to be set; and to call
the requisite subroutines to write the buffer contents to diskette
for a DISC DUMP. The end of Scan Section enables calculation of the 
number of words in the last buffer.
Calling parameters 
Nil
Output parameters
Ni.
Description
Th® return address for MAGSC and SETNO are saved at the beginning of 
the subroutine. The first time through subroutine PFIND flag (MAGPT) 
is then set to zero, this flag being set to one by subroutine PFIND 
when called for the first time in a scan or calibration run. The 
buffer counter (CTBUF) for the DISC DUMP is then reset to the initial 
value and the buffer pointer for the first buffer (PBUF1) loaded into 
AC - 0. A jump is then made to subroutine MAGSET to start the data 
channel transfer. As it is the first buffer to be filled there is no 
use for subroutine PFIND, therefore a jump is made to subroutine MAGWT 
to wait until the transfer has been completed. If the end of scan 
occurs a jump is made to the end of Scan Section (ESCAN) , if not the 
pointer to the second buffer is loaded into AC - 0 and stored (as
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ABUF) before a call to subroutine MAGSET to start the data channel 
transferring data into the second buffer. The buffer pointer (PBUF) 
is then set to point to the first buffer, the buffer length loaded 
into AC — 0 and the DISC DUMP flag checked. If this flag is set the 
user requires a DISC DUMP and a jump is made to subroutine DISCS.
If the flag is not set a jump is made to subroutine PFIND with AC - 0
containing the buffer length and the buffer pointer (PBUF) set to the
buffer (BUF1) . On return from this subroutine a jump is made to 
subroutine MAGWT to check the interface done flag. If the scan has 
been completed a jump is made to the end of Scan Section (ESCAN), if
not the buffer pointer is set to BUF1 again and a jump made to
subroutine MAGSET to start the data transfer. The buffer pointer (PBUF) 
for subroutine PFIND is then set to BUF2 and the buffer length loaded 
into AC - 0. The DISC DUMP flag is then checked, if non-zero a jump 
is made to subroutine DISCS. If zero a jump is made to subroutine 
PFIND to locate the peaks in the previous buffer, on return from 
subroutine PFIND the process is continued looping at MAGLP.
The end of Scan Section commences by fetching into AC - 0 the contents 
of the interface B register.containing the last location filled in the 
final buffer. The pointer to the last buffer is then subtracted from 
this number and the result incremented to give the number of data 
words (intensity values) in the final buffer of the scan. The DISC 
DUMP flag is then checked, if not zero a jump is made to subroutine 
SETNO, if zero subroutine PFIND is called to locate the peaks in the 
final buffer. On return from subroutine PFIND a normal return is made 
from subroutine MAGSC.
Subroutine MAGSET is used to start the data channel transfer from the 
Magnova interface (device 42) into memory. The contents of AC - 0, 
the first location in the buffer to be filled are passed to the inter­
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face B-register. The word size of the buffer (512 decimal) to be 
filled is then obtained and passed to the interface C-register and a 
start pulse also issued to start the data transfer. The size of 
buffer selected enables the DISC DUMP routines to write two consecutive 
blocks within the time available between buffers when the DISC DUMP 
flag is set. Return is made in the normal manner to the address 
specified in AC - 3.
Subroutine MAGWT checks the busy and done flags on the Magnova interface. 
The done flag is checked first; if zero the program waits in a loop 
until it goes non-zero. Then the busy flag is checked; this flag 
being zero only at the end of the scan when the scan has been 
completed but the buffer not completely filled. If the flag is non­
zero return is made two locations beyond the call to the subroutine; 
if the flag is zero return is to one location beyond the call.
Subroutine DISCS saves the address two locations beyond the call 
as the return address. The contents of AC - 0, the buffer pointer, 
are moved to AC — 1 for compatibility reasons and a jump made to 
Magnova subroutine DRITE to write the buffer to diskette. On return 
the diskette buffer counter (CTBUF) is incremented and return made two 
locations beyond the call.
A.4.18 Subroutine OUT:
This subroutine is a short output routine to type a spectrum 
from the I and M buffers. It is used by the manual Calibration 
Section to give a typed listing of the time-intensity spectrum. This 
enables the user to select the major référencé gas mass peaks from the 
spectrum.
Calling parameters
Nil
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Output parameters 
Nil
Description
The subroutine commences by saving the return address. The number of 
peaks found in the spectrum just completed is then checked. If its 
value is zero, an operator or machine error is assumed and the message 
’NO PEAKS FOUND - CHECK OPERATOR* is then typed to the output device 
using the WRITE routine. The value of the calibrate flag (CALFG) is 
then checked; if zero return is made to the Scan Section (to ENTSC); 
if non-zero return is to the Calibration Section.
If there are peaks present in the spectrum then a counter (CNTP) is 
set equal to the number of peaks (PCNT) and pointers set to the I and 
M—buffers. A loop is then entered which prints (from accumulator 1 
using the Numou command) the counter value on the left-hand side of 
the line» tabulates the screen (or teletype) cursor four spaces to the 
fight and then prints the value of the corresponding location in the 
M—buffer (which will be a time value) and increments the M-buffer 
pointer. The cursor is then tabulated four spaces again and the value 
from the I—buffer (intensity) printed, followed by a carriage return 
and line feed. The I-buffer pointer is decremented, the counter 
decremented and checked for zero value. If the counter is non-zero 
the printing loop is continued to print another line; if zero the 
spectrum has been completed and a normal subroutine return is made.
A.4.19 Subroutine PFIND:
Subroutine PFIND is the subroutine used to locate the maxima 
(peaks) in a buffer of sequentially stored intensity values. Each 
intensity value corresponds to a time value which measures the time 
of arrival of that particular ion relative to the start of the scan. 
Since the intensity values are only collected at the end of each time
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interval the time values can be found as an integer number of time 
increments (say 1/6000 of a second) from the start of the scan. The 
intensity peaks in the buffer are recognised when two consecutive 
intensity values are above the software threshold, currently set at 
one. When a peak is located its intensity values are summed using a 
moving window or running sum technique. In this method successive 
intensity values are added to the sum until the number of intensity 
values added equals the window width. From then until the end of the 
peak the first intensity is subtracted and the current intensity added 
to preserve the running sum. On exit from a peak the largest of these 
running sums and its corresponding time value are stored as the peak 
intensity and time value. Peaks are considered completed when the 
intensity values have stopped increasing and an intensity value falls 
below one sixteenth of the maximum peak intensity value. The 
calibration flag is used to distinguish between scan and calibration 
use of subroutine PFIND. For scanning the intensity peaks are ignored 
until the time value exceeds the user set TSTOP value, for calibration 
this trimming section is omitted.
Calling parameters
MAGPT First time through flag.
AC - 0 Buffer size.
Output parameters 
MAGPT Reset
Description
The subroutine commences at INP1 by saving the return address and the 
buffer size passed in AC - 0. The first time through subroutine PFIND 
flag (MAGPT) is then checked, if not set a jump is made to the 
initialisation section. If the flag has already been set all pointers 
and counters are left unchanged, the end of buffer section skipped,
83
tiie t line counters incremented and the next intensity value obtained.
The calibration flag is then checked and if not set (during a scan) 
the trim section is entered. The time value is then compared to the 
user set value (TSTOP) corresponding to the upper mass limit. If 
the time value has not reached this limiting value the intensity value 
is ignored and a jump made to INP2 to decrement the buffer counter and 
obtain the next intensity. When the time value reaches the limit or 
when the calibration flag is set the overload bit (bit 15) in the 
intensity value is examined, if set the intensity value is set to the 
maximum possible 15 bit binary number (32767 decimal). Then the 
intensity value is compared to the software threshold; if less than 
or equal to the threshold the intensity value is ignored and a jump 
made to INP2 to decrement the buffer counter. If the buffer counter 
is zero the buffer has been completed and return is made from sub­
routine PFIND. If the buffer counter is non-zero the next intensity 
is obtained and the process continued.
If, however, the intensity value is above the threshold, the peak 
width counter is incremented (to serve as a count of the number of 
intensity values above the threshold) and if less than or equal to 
one a peak may be commencing. The intensity value is then stored as 
the summed intensity, the biggest sum and the highest intensity to 
serve as initialisation for these factors. A call is then made to 
subroutine TOBI and on return a jump made to INP2 to check the buffer 
counter and get the next intensity value. If, however, the peak width 
counter is greater than one a peak is definitely occurring and a call 
is made to subroutine TOBI. On return from this subroutine the peak 
width counter is examined and if less than the running sum ’window* 
size a jump is made to INP5. If the width is greater than the window 
size, the summed intensity must be altered to include the current
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intensity value. This is achieved by subtracting the intensity 
(passed back from S/R TOBI) previously at the top of the TOBI buffer, 
then adding the current intensity value with appropriate checking to 
ensure no overflow or negative answers. The intensity sum is stored 
and then compared to the previous largest sum (IBIG), if less than the 
previous sum a jump is made to INP3 to check for the end of the peak 
with the current (single) intensity value in AC - 2. If the current 
sum is larger than the previous sum then the appropriate time value 
must be calculated. To do this half the window size is subtracted from 
the current time value, the resultant time value and the intensity 
sum are stored as the current highest intensity sum (BIG) and its 
time value (TBIG) . A jump is then made to INP3 to check for the 
end of the peak with the current (single) intensity value in AC - 2.
The section commencing at INP5 is entered when the peak width counter 
is less than the Window1 size. The intensity sum is increased by 
adding the current intensity value and checked for overflow. If bit 
zero is set, indicating an overflow, the sum is set equal to the maximum 
15 bit size (32767 decimal). As the sum is increasing, this sum 
should be larger than the previous largest sum and if so the current 
sum is stored as the largest sum together with its corresponding time 
value. A jump is then made to INP3 to check for the end of peak with 
the current intensity value in AG - 2.
The section commencing at INP3 checks for the end of the peak. The 
current intensity value:, passed in AC - 2, is compared to the highest 
single intensity for the peak and if greater the current intensity is 
stored as the highest intensity and a jump made to INP2 to check the 
buffer counter and obtain the next intensity value. If the intensity 
value is less than the highest intensity value for the peak, then the 
downward sloping section of the peak has been encountered and one—
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sixteenth of the highest intensity value is calculated. This figure 
is compared to the software threshold. If less, the software threshold 
is used instead. If the current intensity value is greater than one- 
sixteenth of the maximum intensity for that peak the peak is not 
considered to be completed and a jump is made to INP2. If, however, 
the intensity value falls below this level the peak is completed and 
the highest intensity running sum (IBIG) for the peak and the 
corresponding time value (TBIG) are stored in the intensity and time 
buffers. The peak counter and the two buffer pointers are incremented 
and the peak width counter and the largest intensity sum set to zero. 
The peak counter is then compared to its limiting value and if greater 
an error is indicated and a jump made to subroutine ERMSG. If the 
counter is less than or equal to the limit a jump is made to INP2 
to decrement the buffer counter and obtain the next intensity value.
The initialisation section commencing at INP0 initialises the counters 
and pointers.. The peak counter, the peak width counter and the largest 
intensity sum are set to zero; the pointers to the intensity and time 
buffers are initialised and half the fwindow* size is calculated and 
stored for later use. The time counter and first time through PFIND 
flag are both set equal to one and a jump made back into subroutine 
PFIND to get the first intensity value.
A.4.20 Subroutine PKER:
This small routine provides an error routine for subroutine 
LOCRF when it is used to locate a reference mass peak in the spectrum, 
such as in a manual calibration run. Occasionally, under low sample 
pressures, the mass spectrometer will not produce an ion-signal at 
reference masses with relatively small intensities. On these 
occasions subroutine PKER is used to inform the operator of the problem 
and suggest that the gain be increased on the M.S.
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Calling parameters 
Nil
Output parameters 
Nil
Description
The subroutine commences by typing the message 'REF PEAK NOT FOUND - 
INCREASE GAIN'. The subroutine REDY is then called to type the message 
TYPE R WHEN READY" . At this stage the operator may continue the 
run or abort it by typing a slash. When the 'R' response is made a 
jump back to the Calibration Section is made to recalibrate, bypassing 
the preliminary initialisaton sections.
A.4.21 Subroutine PRCAL:
This subroutine is a short output routine used by subroutine 
SETCL to output the mass, counts, intensity and slope for a given 
reference peak. Use is made of the Chemnova Standard Output Routines 
NUMOU, CARLF and TABTY for Output. The contents of accumulator two 
remain unchanged throughout the subroutine.
/Calling parameters
AC - 2 Index to reference peak table.
Output parameters
AC - 1 Character to standard routine NUMOU.
Description
The subroutine commences by saving the contents of accumulator three 
as the return address, then the reference peak mass, whose location 
in the table of reference peaks is indicated by the index register 
(AC — 2), is loaded into AC — 1 and a jump made to the standard 
routine NUMOU to print that mass to the output device. The device is 
then tabulated four spaces to the right to the next tab.position using 
the standard routine TABTY. The time count for the reference mass
87
peak is then loaded into AC - 1 and output using NUMOU, the device 
tabbed using TABTY and the process repeated for the reference peak 
intensity value. Then the integer A (calibration) factor is loaded 
into AC - 1 and checked for zero value. If non-zero the A-factor is 
printed, again using standard routine NUMOU. If zero the A-factor is 
not printed as it is a dummy value to indicate the last reference mass 
the table. Either way a carriage return and line feed are then 
sent to the output device using the CARLF routine and a normal sub­
routine return performed.
A.4.22 Subroutine REDY:
This subroutine types the message ’TYPE "R" WHEN READY* for 
starting the scan calibrate and other sections. It also decodes the 
input reply character to check for abort conditions.
Calling parameters 
Nil
Output parameters 
Nil
Description
The subroutine commences by saving the return address and then the 
message is output by calling the standard routine WRITE. This sub­
routine types a string of characters from a buffer pointed to by 
accumulator two. Subsequently a carriage return and line feed are sent 
to the output device by using the standard subroutine CARLF.
Standard routine READT is then used to get a character from the input 
device, either VDU or teletype. This character is checked against the 
coding for a slash (Octal 57). If the character is a slash a jump is 
made to Quadnova control segment to abort the program. If not a slash, 
the character is then checked against the coding for a dollar symbol 
(coding Octal 44); if so a jump is made to SCOUT to terminate the
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Magnova scan. This feature enables the operator to terminate a series 
of scans when paused at the end of a scan. It is in effect similar to 
setting bit zero up on the console. If the character is not a slash 
or dollar then a carriage return and line feed output and a normal 
subroutine return made.
A.A.23 Subroutine REFPK:
This subroutine, portion of the manual calibration technique 
types the mass value followed by an equals sign to the console device. 
Then from a table previously presented by subroutine OUT, the user 
responds with the line number corresponding to the time and intensity 
values for that reference mass peak. These values are located in their 
respective buffer and passed back to the calling program. Provision 
is made for error return if an arrow response received or an incorrect 
numerical response.
Calling parameters
AC - 1 Reference peak mass value.
Output parameters
AC - 0 Reference peak intensity.
AC - 1 Reference peak time value.
Description
The subroutine commences by saving the return address. Then using 
the standard routine NUMOU, the mass value, which was passed from the 
main program in AC - 1, is output to the console device. The type 
command is then used to output an equals sign for the solicitation 
of a user numerical response. A jump is then made to subroutine 
DATER to receive the user response. If an error return is made from 
subroutine DATER, as would occur from an arrow response the standard 
error return is made from subroutine REFPK to the main program one 
location beyond the subroutine call. If a numerical response
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has been made return from subroutine DATER is two locations beyond its 
call with AC - 1 containing the response. The time and intensity 
values are then located by searching the respective buffers until 
a counter matches this user response. The counter (CNT2) is set equal 
to the number of peaks (PCNT) in the spectrum and the M-buffer pointer 
(PMBU2) is then set to point to the M-buffer, containing the time values. 
The I-buffer pointer (PIBU2) is then set to point to the I-buffer, 
containing the intensity values. Next the first time value is loaded 
into AC - 0, the counter (CNT2) is loaded into AC - 2 and compared to 
the user numerical response in AC - 1. If the counter and the user 
response are not equal the M and I-buffer pointers are incremented, 
the counter (CNT2) decremented and checked for zero value. If it is 
zero the buffer has been completely searched without the user response 
line number being located. Thus a response greater than the number 
of peaks (PCNT) in the spectrum has been entered and a standard error 
return is made one location beyond the subroutine call. If the counter 
is non-zero the response is still to be found and the loop continued 
to get a new time value.
If the counter and the user response are equal the appropriate location 
in the buffers has been found. The time value in AC - 0 is moved 
to AC - 1 and the intensity value loaded into AC - 0 and return made 
two locations beyond the subroutine call.
A.4.24 Subroutine REPL:
This subroutine is a standard service routine for the YES-NO 
response to a query such as ’DISPLAY? 1 or * CALIBRATE?f - The 
subroutine is called by:
JSR REPL
Return here if reply is YES.
Return here if reply is NO.
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Return here if reply is 1.
For the YES, NO response only the first letter is significant, any 
further characters are ignored until a carriage return is received. 
Calling parameters 
Nil
Output parameters
AC - 0 Character.
Description
The subroutine commences by saving the return address (ROTN). A jump 
is then made to the standard routine READT which accepts a character 
from the input device (VDU or teletype) and passes it back in 
accumulator zero. This first character is stored and a further 
character obtained using subroutine READT. This character is compared 
with the code for a carriage return, if it is not equal in code to a 
carriage return then another character is obtained, this loop 
continuing until a carriage return terminates the string. When the 
character is a carriage return the first character (in CHAR) is 
retrieved and checked against the coding for a slash (57). If the 
first character is a slash a jump is made to the Quadnova control 
section in accordance with the user's wish to abort execution of the 
program expressed by typing a slash. If the first character is not a 
slash it is checked to see if it is a fY* (for a YES reply) and if so 
return is made one location beyond the subroutine call. If the 
character is not a 'YT it is checked against the code for an arrow 
(f - code 136) . If the character is an arrow return is made three 
locations beyond the subroutine call. If the character is not an 
arrow it is assumed to be an !N* (for a NO response) and return is 
made two locations beyond the subroutine call.
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A.4.25 Subroutine REVER:
This subroutine writes a source buffer into a destination 
buffer in reverse order. It is used in the process of transferring a 
Magnova spectrum to the Quadnova A-buffer for eventual recording on 
diskette.
Calling parameters 
Subroutine REVER is called by:
JSR REVER 
SOURCE BUFFER ADDRESS 
DESTINATION BUFFER ADDRESS 
(RETURN HERE)
Output parameters 
Nil
Description
The subroutine commences by loading AC - 0 with the source buffer 
address obtained from the location beyond the subroutine call and then 
setting a counter (PPP) to equal the number of peaks (PCNT). The number 
of peaks is then added to AC - 0 and stored (as APPP). This pointer 
is then decremented to point to the last location in the source buffer.
A pointer (BPPP) is then set for the destination buffer. A loop is 
entered which loads a value from the source buffer, decrements the . 
pointer and writes the value back into the destination buffer and : 
increments the destination buffer pointer. By this means values are 
obtained from the end of the source buffer and placed at the beginning 
of the destination buffer, in effect reversing the order of the contents. 
The peak counter is next decremented and checked for zero value. If 
the counter is non-zero the loop is continued, if zero the reversing 
of the buffer has been completed and return is made three locations 
beyond the subroutine call.
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A.4.26 Subroutine SETAF:
This subroutine is used to convert integer reference masses to 
floating point. It is called once each time Magnova system is loaded 
from diskette. The subroutine sets a flag to inhibit it being called 
again.
Calling parameters 
Nil
Output parameters 
Nil
Description
The subroutine commences by saving the return address and then setting 
accumulator two as an index register pointing to the A-factor table 
(AFACT). The self-inhibit flag is then set to one to prevent the sub­
routine being called. A counter is set equal to the number of reference 
mass peaks (equal to the number of calibration or A-factors plus one). 
The system calibrated flag is also set to zero to show that the system 
has not been calibrated.
The first integer reference mass is then obtained from the table and 
set as the low order portion of a temporary double precision word 
(MREF). The high order portion of this word is then set to zero and 
the floating point interpreter standard software entered. The 
temporary double precision word is then converted to floating point and 
the resultant floating point reference mass value stored at the 
appropriate location in the table pointed to by accumulator two. This 
register is then incremented twice by means of a FIC2 statement and an 
exit made from the floating interpreter.
A jump is then made to subroutine FEROR to check the floating point 
error flags. If a floating point error has occurred (such as an over­
flow) subroutine FEROR provides the appropriate warning. Otherwise
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the counter (RCNT) is decremented and if non-zero the loop continued 
at SLOOP to get another reference mass. If the counter is zero a 
normal subroutine return is made.
A.4.27 Subroutine SETCL:
This subroutine is called by the Calibration Section to calculate 
and print the actual values presented in the calibration table. 
Subroutine CALCA is called to calculate the calibration factors and 
subroutine PRCAL prints the reference mass, time value, intensity 
value and slope (calibration factor). For the higher reference mass 
values subroutines CALMS and LOCRF are used to locate the actual 
reference peaks in the calibration spectrum.
Calling parameters
AC “ 2 As index register to reference peak table.
Output parameters
AC - 2 Unchanged.
Subroutines called
CALCA, PRCAL, CALMS, LOCRF, PKER
Description
The subroutine commences by saving the return address (RSET). A 
counter (NPREF) is then set equal to the number of reference mass peaks 
and a flag (TFLAG) set to negative one. Then a jump is made to sub— 
routine CALCA to calculate the first A—factor, using AC — 2 as index 
register with contents as passed to subroutine SETCL. The fixed point 
(integer) A-factor passed back in AC - 1 is stored (in AAFX) and a 
jump made to subroutine PRCAL to print the mass, counts, intensity and 
slope for the reference mass. The reference peak counter (NPREF) 
is then decremented and if zero (indicating the final reference mass 
peak) AAFX is set to zero to suppress printout of the slope and a jump 
is made to the time calculation section of subroutine SETCL. If the
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reference peak counter is non-zero the flag (TFLAG) is checked and 
if not greater than zero then masses 69 or 131 are being considered, 
no reference peak time calculation is needed and a jump is made to 
SETLP. If the flag is greater than zero the next reference is obtained 
from the table and a jump made to subroutine CALMS to calculate the 
corresponding time value. The calculated time is returned in AC - 1, 
the index register incremented by two and a jump made to subroutine 
LOCRF to locate the true peak. The error return (to call + 1 )  from 
subroutine LOCRF occurs if a peak cannot be located near the calculated 
time. When the error return is taken a jump is made to PKER to inform 
the user. If the reference peak is located, its actual time is returned 
in AC - 1, with its intensity value in AC - 0. These values are 
stored and AC's 0 and 1 reset to contain the current pair of reference 
peak times. The counter of reference peaks is then checked and if 
non—zero the loop continued to calculate the next A—factor. If the 
counter is zero the final reference peak has been reached, its mass, 
counts and intensity are output by a jump to subroutine PRCAL, the 
index register adjusted to point to the lower mass of the last 
reference mass pair and a normal subroutine return performed.
A.4.28 Subroutine SETSW:
This subroutine is used by the Calibration Section to calculate 
the size of the ’moving window1 used to calculate the running sum in 
subroutine PFIND. It is called each time the Calibration Section is 
used but not for a repeat calibration.
Calling parameters
AC - 1 Scan rate.
Output parameters
Window size in location SIZEW.
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Description
The subroutine commences by saving the return address, then scan speed 
is obtained, the scan rate being passed in AC - 1. The window size 
is then calculated using the empirically derived formula (A)
WINDOW SIZE = — — n rat-9--x scan speed 23,000 (A)
To calculate this figure the standard software integer multiplication
routine is then called; the result being returned in AC - 0 and
AC — 1 as a double precision word. Then the constant divisor is loaded
into AC — 2 for a call to the division by a single precision integer 
routine. This standard routine passes back the answer in AC - 1. The 
size is then increased by two using constant CTWO. This window size 
is then checked and if less than four is set equal to four. The window 
size is also checked against the maximum size of the buffer (PTSIZE) , 
if greater the calculated window size is set equal to this physical 
màximum. The value is then stored in the appropriate location (SIZEW) 
for subroutine PFIND and a return made to the calling program.
A.4.29 Subroutine SPZER:
This subroutine is used to convert the separate Mass and Intensity 
Spectra produced by the Magnova System and convert them to a Quadnova 
type intensity only spectrum with mass values assumed to be contiguous 
integral values from MSTART to MSTOP. In this form the spectrum can 
be written to and read from a diskette file by the relevant standard 
Quadnova subroutines. The subroutine fills in mass values that do 
not appear in the Magnova spectrum with zero intensity values and 
ignores duplicate mass values that subroutine FILTER has set equal to 
zero.
Calling parameters
Nil
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Output parameters 
Nil
Description
Subroutine SPZER commences by saving the return address. The counter 
and pointers are then initialised with the mass value counter 
(MPCNT) being set to equal the number of peaks (PCNT), the A-buffer 
pointer (ASETF) being set to the first location of the A-buffer of 
Quadnova, the Intensity buffer pointer set to point to the M-buffer 
and the Mass buffer pointer set to point to BUFl where the mass values 
are stored. The accumulators are then set so that AC - 0 contains 
the first mass value from BUFl, AC - 1 contains the corresponding 
intensity from M-BUFFER, AC - 2 also contains the mass value from 
BUFl and AC - 3 is set to zero. A loop (SPECT) is then entered and 
the first intensity value is stored in the A-buffer, the counter 
(MPCNT) decremented and checked for zero value. If it is zero all 
peaks have been transferred and a normal subroutine return is made.
If the counter is non-zero the pointers to the intensity and mass 
buffers are incremented and the next mass value obtained from the mass 
buffer. If this mass value is zero (which would indicate duplicate
mass values having been set to zero by SPZER) it is ignored and the
\ * loop re-entered (at SPECT + 1 )  to decrement the counter again. If
the mass value is non-zero the next intensity value is loaded into
AC - 1 from the intensity buffer and the mass value in AC - 2
incremented. This mass value is then checked against MSTOP, the
upper limit of the user’s scan. If the mass is greater than MSTOP then
the end of the buffer has been reached and a normal subroutine return
is made. If the mass is less than or equal to MSTOP, AC - 3 is set
to zero and the A-buffer pointer incremented. The mass value in AC - 2
which has been formed by incrementing the previous mass value is then
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compared to that in AC - 0, which is the next mass value from the 
Magnova spectrum. If they are equal the loop SPECT is continued, if 
not, then the A-buffer spectrum must have an artificial intensity 
value inserted to compensate for there being no intensity peak at 
that mass value in the Magnova spectrum. Thus zero is placed in the 
next location in the A-buffer and a loop followed which continues 
placing zeros in the A-buffer until the mass value in AC - 2 equals 
the next mass value from the Magnova spectrum (in AC - 0), when a jump 
is made to SPECT to get the next real intensity value.
A.4.30 Subroutine TIMAS:
This subroutine is used to create the table of calibration time 
values to be used in subroutine CONVT for time to mass conversion after 
each scan. One time value is calculated for each mass value in the 
range to be scanned. The time values are calculated by using subroutine 
CALMS with a particular mass value and the appropriate A (calibration) 
factor.
Calling parameters 
Nil
Output parameters .
Nil
Description
The subroutine commences by saving the return address (TIMRT). A 
pointer (PONTR) to the calibration table buffer is then initialised and 
accumulator two set as an index register for the A-factor buffer (AFACT). 
This buffer contains the A (calibration) factors and the reference peak 
mass and time values. A counter (TCNT) is then set equal to the number 
of reference mass peaks (REFPC). The A-factor index register is then 
adjusted to point to the A-factor for the highest pair of reference mass 
obtained and stored (as REFMS) . The mass counter (MASS) is then set
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equal to' the highest mass in the range (HMASS) and the time calculation 
loop entered at TLOOP with AC - 1 set with the mass and AC - 2 pointing 
to the appropriate A-factor. A jump is made to subroutine CALMS to 
calculate the time factor for the given mass using Equation (15).
t = A*ln ~ - (15)
Mo
where t is the calculated time
A the appropriate A-factor 
Mq the appropriate reference mass 
M the mass.
The time value is returned in AC - 0 and stored in the calibration time 
buffer, the buffer pointer (PONTE.) incremented and the mass (MASS) 
decremented. The mass is then checked against the starting mass 
(usually 40) and if less than or equal to the starting mass a normal 
subroutine return is made as the required table of time values has been 
completed. If not the mass is compared to the current reference mass 
to check if a new calibration factor is needed. If not the time loop 
is continued and the next time value calculated. If the mass value is 
equal to the current reference mass, the reference mass count (TCNT) is 
decremented; if its value is then zero the lowest reference mass 
value has been reached and no change of reference mass is possible.
The time for the lowest reference peak is accordingly obtained and the 
time loop re-entered bypassing the time calculation step. Otherwise 
a change of reference mass value and A—factors is made by decrementing 
the index register (AC - 2) by two, obtaining and storing the new 
reference mass as REFMS. The time loop is then re-entered (at TLOOP) 
with the old reference peak time in AC - 0 bypassing the calculation
step.
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A.4.31 Subroutine TOBI:
Subroutine TOBI is called by subroutine PFIND to keep the first- 
in/first-out FIFO stack of intensity values for the 'moving window1 
running sum method of intensity summation. The FIFO stack is necessary 
to enable the running sum to be accurately kept for a peak occurring 
during the transition from one buffer sweep to the next. The actual 
running sum window size (and therefore the number of intensities 
kept in the stack) is set by the calculations in subroutine SETSW.
Calling parameters
AC - 0 Intensity to be inserted in buffer.
Output parameters
AC - 3 Intensity previously at top of buffer.
Description
The subroutine commences by saving the contents of AC - 3 as the 
return address. A counter (B5CNT) is then set to one less than the 
size of the 'moving window* (SIZEW). The pointer to the TOBI buffer 
(B5PTR) is then set to point to the last buffer location in actual use 
by adding SIZEW-1 to the initial location. The first (lowermost) 
intensity is then obtained and a loop entered to move the intensities 
up the buffer. The buffer pointer is decremented and the next 
intensity obtained. The previous intensity is then inserted back in 
the buffer one location beyond (above) its previous location and the 
counter (B5CNT) decremented. If its value is non-zero the loop is 
continued to move the rest of the intensity values up the buffer.
If the counter is zero the buffer has been completed and the contents 
of AC - 0 are deposited in the bottom location of the buffer. A normal 
subroutine return is then made with the value of the intensity previously 
at the top of the buffer in AC - 3.
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A.4.32 Subroutine UPTOM:
Subroutine UPTOM is used to write the message ’SCAN UP TO M = f 
and take the response from the user and store it as the highest mass. 
The mass range is then calculated by subtracting the starting mass 
(nominally 40) from MSTOP. If the mass range is greater than the 
largest possible range then the scan range prompt is typed again. 
Calling parameters 
Nil
Output parameters
AC - 1 Final mass for spectrum.
Description
The subroutine commences by saving the return address. A carriage 
return and line feed are then generated and the message ’SCAN UP TO M = 
typed. A jump is then made to subroutine DATER to accept the numerical 
response from the user. If the user responds with an arrow then an 
error subroutine is made from subroutine UPTOM. If the response is a 
number it is checked against HMASS, the highest possible mass, if 
greater it is replaced by HMASS. The number is then stored as MSTOP 
and in the A-buffer as STOPM. MSTOP is then checked against the 
starting mass, if not greater than MSTART the message prompt is retyped 
If MSTOP is greater than MSTART the mass range is calculated by 
subtracting MSTART from MSTOP and incrementing it by one. If this 
range is larger than the greatest range possible (MRNGE, 650 decimal) 
to be accommodated in the Quadnova A-buffer the message prompt is 
retyped. The mass range when acceptable is stored as MCNT, the total 
number of mass values possible.in the spectrum. The location (WDNUM) 
specifying the total number of locations to be written to diskette 
as the spectrum header is set to 51 (decimal). Accumulator one is then 
set equal to MSTOP and a return made two locations beyond the call.
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APPENDIX B: HARDWARE USED
B.1 Hardware Used
The initial hardware used in the Magnova System was as follows: 
Computer: Data General Nova 1220 model fitted
with 24K 16 bit words of core memory.
Dupont model 21-491B magnetic sector 
mass spectrometer.
Computer—M.S. Interface: See Appendix B.2.
GC: Varian Aerograph model 2700.
Terminals: Tektronix model 40061 VDU with 4631 model
hard-copy unit attached to allow hard copy 
reproduction of screen contents. TEC, 
Electronic Control Systems T-02 VDU.
Teletype model KR-33. Incremental plotter, 
EAI model 130. Data plotter.
The processor (Nova 1220) drives the system, running the Magnova 
and Quadnova operating systems. Both these operating systems are 
compatible core resident programs loaded from floppy disc drive or 
magnetic cartridge. With the original hardware listed above only 
one M.S. control system could be actually running at any one time.
Both systems, however, reside in core to enable swapping from system 
to system without reloading memory and loss of calibration parameters.
All programs are written in assembler language for the Nova series 
computers and either assembled off-line using the Data General utility 
programs or cross-assembled on the University Computer Centre UNIVAC 1106 
mainframe using a cross-assembler program. In either case the object 
binary was dumped to paper tape suitable for loading into the Nova 1220 
via the teletype tape reader. The Tektronix VDU and the TEC-02 were 
used as alternate terminals; the Tektronix having a graphics capability 
allowing reconstructed GC plots to be displayed. The incremental plotter
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was used for permanent paper hard copy of mass spectra in histogram 
form, for on-line total ion current plots and for off-line reconstructed 
GC plots.
B.2 • Interface Between Computer and Mass Spectrometer
The hardware interface between the computer and the M.S. in the 
Magnova System consists of two sections. One section, obtained from 
Dupont, the M.S. manufacturers, takes the output from the ion 
detector, amplifying and counting the pulses for a period of time, 
which can be set manually. The second section provides the interface 
between the first section and the Nova 1220 minicomputer. It was 
designed at the University of Wollongong to take the contents from the 
counter at the periodic time intervals, as set manually, and transfer 
these data to the memory of the computer.
The interface uses the direct memory access capability of the 
Nova 1220 minicomputer to enable the process of data collection to 
proceed without constant software involvement. The data collection 
program initialises the interface by giving it a memory address 
corresponding to the start of the data area (buffer) in memory into 
which the data is to be stored and a word count which is the number of 
data counts that are to be transferred. Then the interface is 
activated and transfers data directly into memory without use of 
interrupts or the system software. The only software intervention is 
when either one of two termination events occur. The first is that 
the preset number of counts has been transferred and the second is that 
the scan has finished. .
In the Magnova System two buffers of identical size are maintained, 
with the direct memory access feature being used to fill one buffer 
whilst the program processes data in the other buffer. When the DMA 
transfer has been completed the .buffers are swapped. This process
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continues until the end of the scan. Actual data transfer from the 
interface to the computer does not initially start until the mass 
spectrometer starts a new scan. Thus to initiate transfer the normal 
buffer address and size must be sent as well as a start command to 
the interface but circuitry in the interface waits for a new scan signal 
from the M.S. before transferring data.
The interface at the M.S. physically consists of a selectable 
timer, variable hardware threshold settings and a run button together 
with the necessary electronics and cabling to the mass spectrometer 
and computer. The timer settings are set by the operator manually 
to be the length of time the interface counts the mass spectrometer 
detector output pulses. The hardware threshold settings enable the 
software in the computer to ignore signals below a particular value 
and so to expediste processing of the data. The run button is used 
bY the M.S. operator to indicate when the M.S. is ready to scan, that 
is, when the sample has been injected and appropriate sample pressure 
or other factors attained.
The interface electronics consist of some gating to control the 
data transfer and acquisition, a series of counters, a selectable timer, 
the threshold circuitry and interface logic for the computer. The 
counter is used to record the pulses from the M.S. detector amplifier 
during the time interval indicated by settings of the selectable 
timer. The counter counts to a 15 bit signal size (32767), above this 
figure the overload bit (data bit 15 to the computer) is set to indicate 
an overload signal. .
There are four major flags used in the interface:
(a) Scan is a signal from the mass spectrometer and is at logic
one when the M.S. is scanning;
(b) Collect is a flip-flop which gets set if scan is one, busy is set
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(one), run is one and the word count for transfer is still 
negative. These conditions imply that the M.S. is scanning and 
data is being transferred to the computer;
(c) Run is derived from the M.S. operator's run button and is at 
logic one when the run button is depressed;
(d) Flag is a one microsecond pulse when data is valid at the selected 
rate, that is, at the end of the interface sampling period.
The interface is shown in block schematic form in Figure 4.
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. FIGURE 4
MASS S P EC T R O M ETER  COMPUTER IN T E R F A C E
BLOCK DIAGRAM
M S .
I O N S
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APPENDIX C: FLOWCHARTS AND PROGRAM LISTINGS
Flowcharts are included for each program segment and subroutine 
in the same order as the descriptions in Appendix A. The flowcharts 
in general adhere to the normal computer industry format with basis 
on the appropriate standard .
The listings are cross-assembled output listings from the 
University’s Univac 1106 mainframe where all source code files were
maintained.
C.l Calibration Section Flowchart
1 0 8
Go to S/R S E T S W  to set 
w i n d o w  size for S/R PFIND
'f
| Car r i a g e  retu r n  and line feed
y'
Read console switches
f
1 0 9
1 1 0
R e s e t  i n d e x  r e g i s t e r  to 
A - f a c t o r  b u f f e r
Ill
C.2 Scan Section Flowchart
Set scan count and calibrate 
flag to zero. Initialise 
ave r a g e  peak intensity buffer 
pointer
W r i t e  m e s s a g e  
" S YSTEM 
U N C A L I B R A T E D M
Return to 
C a libration  
Section
W r i t e  "Enter Filename" 
and store user file­
name
Set background flags, display 
and G.C. flags to zero
Go to S/R CHEKM to collect 
upp e r  limit to scan range
W r i t e  mes s a g e  "Number of 
Scans =" and go to S/R 
P A T E R  to collect response
Go to disk writing routine to query
user disk w r i t e  file
Go to 
Quadnova 
CONTROL

* W r i t e  m e s s a g e  "START S C A N " J
YES
" V  -
Go to
S/R
DSCAN
> 7
'
> ----------------------------Z---------------------------------
f
Go to S/R CONVT to convert time 
v a l u e s  to m a s s e s
>f
Set M S T A R T  at b e g i n n i n g  of masses 
and r e v e r s e  m a s s  list into BUF1
f
Set ISTART to zero at beginning 
of i n tensities and reverse  
i n tensities into M - b u f f e r
1
Increment p e a k  counter twice. 
Put M S T O P  and ISTOP at end of 
r e s p e c t i v e  lists in BUE1 and 
M - b u f f e r
><
Go to su b r o u t i n e  F I L T E R  to remove 
m u l t i p l e  p e a k s  and calculate total 
ion current
>*
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Store total ion current as 
ave r a g e  p e a k  intensity. 
Inc r e m e n t  av. pk. intensity 
b u f f e r  poi n t e r
Go to S/R 
APLOT to draw 
line on plot
Go to S/R SPZER to 
transfer spe c t r u m  to 
the Q u a d n o v a  A - buffer
P r int av. pk. 
intensity and c a r r i a g e  
r e t u r n  and line feed
W r i t e  spectrum to 
diskette
e=—  = V --- *  .........
W r i t e  s p e c t r u m  
to d i s kette
/  D r a w  on-line 
\  spectrum j
>
---------- »---------------- ,---------- 4------- ------
t
C h e c k  interface C- 
r e g ister
115
N O\'
1 1 6
C.3 Subroutine AUTOC Flowchart
117
118
C.4 Subroutine CALCA Flowchart
C.5 Subroutine CALMR Flowchart
1 2 0
C.6 Subroutine CALMS Flowchart
Convert T to integer f orm
NO
Time = t Q - 
(convert to
T
relative time)
%f
R e t u r n  w i t h  time pas s e d  in 1 
A C - 0  J
Go to
S/R F E R O R  to 
check flags
> f
*-----
^ •7 Subroutine CHEKM Flowchart
Save r e t u r n  a d d r e s s
> >f
U s e  S/R U P T O M  to get 
n e w  M S T O P  v a l u e
>*
N o r m a l  error
subroutine
return
>, NO
Set p o i n t e r  to A - f a c t o r  
for h i g h e s t  p air re f e r e n c e  
m a s s e s
>*
U s e  S/R CALMS to cal c u l a t e  
n e w  T S TOP
s f
Store TST O P
V f
R e t u r n  +  1
C.8 Subroutine CONVT Flowchart
123
Get current scan time from 
buffer
Error - Jump 
to S/R ERMSG
NO Decrement
PCNT
Store mass in scan time 
buffer for current peak
----- 1 Decrement counter j
Normal
subroutine
return
Increment scan time buffer 
pointer
1  I
Get next scan time
Duplicate masses, store previous 
mass value in current scan time 
buffer location
7
124
^•9 Subroutine ELIMT Flowchart
C.IO Subroutine CPAGE Flowchart
126
C.ll Subroutine DATER Flowchart
C.12 Subroutine DISC DUMP Flowchart
128
c
NO
130
D R I T E D R E A D
)
C . 1 3  S u b r o u t i n e  E R MSG F l o w c h a r t
Save r e t u r n  a d d r e s s
>f
/  W r i t e  m e s s a g e  /  
/  " E R R O R  H A L T "  /
\ f
Jump to S 
type m e s s  
1R 1 W H E N
/R R E D Y  to 
age "TYPE 
R E A D Y "
(
R e t u r n  as n o r m a l  
s u b r o u t i n e )
132
C.14 Subroutine FEROR Flowchart
133
C. 15 Subroutine FILTER Flowchart
Save n o r m a l  r e t u r n  addressl
>f
 ̂Set pointe 
and M a s s  t 
Initialise 
Initialise 
 ̂Set previc
irs to Int e n s i t y  
>uffers
i p e a k  c o unter 
i total ion current 
>us m a s s  to zero
0
Get m a s s  v a l u e
w  YES
Get current intensity
( Decrement I-buffer p o i n t e r  
| Get
Store current I at previous
address
4 'f
Save p r e vious address
>f
"Increment I--buffer poi n t e r
0
Get intens ity v a l u e
f
C a l c u l a t e  
b y  adding
total ion current 
c urrent I to sum
R e p l a c e  current I 
w i t h  previous I
' r
4----
v, YES
135
1 3 6
C .  1 6 Subroutine FINDH Flowchart
C.17 S u b r o u t i n e  H I N E G  F l o w c h a r t
Get i n t e n s i t y  f r o m  l o c a t i o n  
n a s s e d  in A C  - 2
>f
N e g a t e  i n t e n s i t y
>'
R e p l a c e  negati 
buf.
Bd i nt e n s i t y  in 
Eer
>*
( R e t u r n  )
138
C.18 Subroutine LOCRF Flowchart
Save r e t u r n  a d d r e s s
Set c o u n t e r  e q u a l  to 
n u m b e r  of p e a k s  in 
s p e c t r u m
Set p o i n t e r s  to I and 
M  b u f f e r s  r e s p e c t i v e l y
A d d  d e c r e m e n t  to app r o x  
p e a k  time to g i v e  U F K  
S u b t r a c t  d e c r e m e n t  from 
approx, p e a k  time to 
g i v e  L P K
> YES'
I n c r e m e n t  r e t u r n  
a d d r e s s
>r
Get c o r r e s p o n d i n g  
i n t e n s i t y  v a l u e
*'
Increment D e c r e m e n t
pointers to p e a k
I and M  b uffers c o u n t e r
Error condition 
ret u r n
P e a k  not found in 
range
139
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C.19 Subroutine LPAV Flowchart
(
141
142
C.20 Subroutine MAGSC Flowchart
0
<
Save return address 
and for S/R SETNO
-
^ Set S/R PFIND flag to 
initial value 
Set block counter to 
v zero
>•
” Set AC-0 to point to ̂  
first buffer y
|Go to S/R MAGSET
Go to S/R MAGWT \
/  Set AC-0 
seconc
to point t o \  
buffer s '
>
|Go to S/R MAGSET
f
Set buffer pointer to 
first buffer
Set AC-0 to buffer length
IlGo to S/R PFIND 
llQo to S/R M A G W T8--------4-
1 A 3
144
zP a s s  b u f f e r  p o i n t e r  to i n t e r f a c e  B r e g i s t e r 7
G e t  b u f f e r  l e n g t h  and 
n e g a t e  it
P a s s  n e g a t e d  b u f f e r  size 
to i n t e r f a c e  C r e g i s t e r  
and start tra n s f e r
( Return")
I S ubroutine 
[ MAGSET
( S u b r o u t i n e  
' j_MAGWT
I Subroutine 
I DISCS
145
C.21 Subroutine OUT Flowchart
Subroutine PFIND Flowchart
147
148
I n i t i a l i s e  counters and 
p o i n t e r s
Set to zero, p e a k  counter, 
p e a k  w i d t h  and max. intens. 
___  sum
<
Set b u f f e r  poi n t e r s  to Intens 
and M a s s  Buffers >
Set time counter to one 
Set first time flag to one 
Set w i n d o w  size/2 as half 
w i n d o w  size
C .23 S u b r o u t i n e  P K E R  F l o w c h a r t
( G e X p o ir T t e r t o r ^ r r o r ^ m e ss a ^ e ”
i
W r i t e  m e s s a g e
"REF P E A K  N O T  F O U N D  - INCREASE 
G A I N "
J u m p  to S/R R E D Y  to type m e s s a g e  
" T YPE ' R 1 W H E N  R E A D Y "
C R e t u r n  to C a l i b r a t e  Sec t i o n  to ______________r e c a l i b r a t e ____________
C.24 Subroutine PRCAL Flowchart
Save r e t u r n  add r e s s
f
Get r e f e r e n c e  m a s s  
from r e f e r e n c e  p e a k  
table
>t
( Print m a s s  )
N f
( Tab to n e x t  tab p o s i t i o n  )
Get time for 
m a s s  from
r e f e r e n c e
table
>f
( Print n a m e  )
________ y
( Tab to next tab position)
Get r e f e r e n c e  p e a k  
intensity f rom b u f f e r
>r
f P r int intensity
\  Tab to next tab p o s i t i o n
151
C.25 Subroutine REDY Flowchart
Save return address
/ W r i t e  "TYPE TR' W H E N  READY'/
>t
Carriage return and 
line feed
1f
"fie t character from input device
/ I s \
y r  characters^_  YE3 1f Return to
a slash
S-'X"?s '
7 7 \ Quadnova CONTROL ,
Return to SCOUT 
to terminate scanning )
( Normal subroutine return )
152
C.26 Subroutine REFPK Flowchart
YES
> f
( e r r o r  r e t u r n  )
153
C.27 Subroutine REPL Flowchart
)
)
154
C .28 Subroutine REVER Flowchart
155
^•29 Subroutine SETAF Flowchart
Save r e t u r n  a ddress ]
<j S e t  A - f a c t o r  b u f f e r  p o i n t e r  >
Set pass flag to one. Set 
system c a l i b r a t e d  flag to 
________  one
<
Set cou n t e r  equal to no. r e f . vS s 
pea k s  4- 1_________________ sI
Get i n teger reference m a s s  from 
b u f f e r
(I Enter flo a t i n g  point interpreter
Convert integer m a s s  to floating 
point f o r m  and store f.p. m ass in 
table
Increment b u f f e r  p o i n t e r  b y  two
Exit f l o a t i n g  point interpreter
(
[D e c r e m e n t  counter |
N O
( R E T U R N  \
156
C.30 Subroutine SETCL Flowchart
© ■
fsave r e t u r n  address"!
<
Set c o u n t e r  to n u m e r  of ref. mass 
______  pe aks m i n u s  one
<
>
Set flag for 69,131 peaks to neg
one
Go to S / R  C A L C A  to c a l culate A ­
factor, two times passed in AC-0, 
AC-1, i n d e x  r e g i s t e r  A C - 2  as 
p a s s e d  to S/R SETCL
Save i n teger A - f a c t o r
Go to S/R P R C A L  to print mass, 
counts, intensity, slope
D e c r e m e n t  c o u n t e r  of reference  
m a s s  peaks
^  Increment f l a g ^
Increment 
index register 
by two__________
B
©

C.31 Subroutine SETSW Flowchart
159
C. 32 Subroutine SPZER Flowchart
Save r e t u r n  address
I n i t i a l i s e  m a s s  counter, 
p o i n t e r s  to A, I and M  
___________b uffers____________
L o a d  accumu l a t o r s  
A C - 0  = m ass v a l u e  f rom BUF1 
A C-1 = intensity v a l u e  f rom  
M - b u f f e r
A C-2 = m a s s  v a l u e  f rom BUF1 
A C - 3  = zero
Store intensity in A - b u f f e r
D e c r e m e n t  counter|
M - 0
N o r m a l  subrou t i n e  
r e t u r n 3
Increment pointers to I and 
M  buffers
>
Get n ext m ass v a l u e  from BUFI
YES
\r
NO
Get next intensity
'r
©
160
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C.33 Subroutine TIMAS Flowchart
Save r e t u r n  a d d r e s s
Set p o i n t e r  to time b u f f e r  
Set A C-2 to p o int to A ­
fa c t o r . Set T C N T  as n u m b e r  
of r e f e r e n c e  m a s s  v a l u e s
Set A C - 2  = AC-2 +  T C N T * 2  - 2 
i.e., to point to h i g h e s t  
r e f e r e n c e  m a s s  p e a k
Get h i g h e s t  r e f e r e n c e  m a s s  
v a l u e  and store it as R E F M S  
and set m a s s  v a l u e  = H M A S S  
(highest m a s s  in range)
Jump to S/R CALMS to c a l c u l a t e  
time for m a s s  p a s s e d  in A C-1  
using A - f a c t o r  p o i n t e r  in A C - 2
Store time in ¡table f- 0
Increment table pointer. 
D e c r e m e n t  m a s s  v a l u e
m
Y E S End of > r^ .. r m a s s  range — *— i Retu r n
D e c r e m e n t  TCNT
©
162
Subroutine TOBI Flowchart
v  Y E S
P u t  n e w  int e n s i t y  in b o t t o m  
l o c a t i o n  of b u f f e r
1
N o r m a l  subrou t i n e  retu r n  w i t h  
i n t e n s i t y  of p e a k  previo u s l y  
at the top of the buffer___
C.35 Subroutine UPTOM Flowchart
16
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. M A I N
L I N E  N O  
1 
2
3q
56 
7  
3  
9
I Q11
12
1 3m
1 5
1 6  
1  7  
1 8  
1 9  
2 D  
21 
22 
2 32q
2 5
2 6  
2 7  
2 3
2 9
3 0
3 1
N O V A  C R O S S  A S S E M B L E R  V E R S I O N  2 . 3 0  P A G E
E R R O R S  L O C  V A L U E
1 0 2 5 1 2
1 0 2 5 1 3
1 0 2 4 1 4  
1 0 2 q i 5  
l o i c o q  
1 0  1  0  C  5  
1 0 1 1 1 3  
1 0 C 5 1 3  
1 0 1 1 1 2  
1 0 0 5 1 2  
C C 6 0 q i  
oo6cqc 
o o E o q  q  
0 C 6 C q 5  
0 0 6 0 q 6  
0 0 6 0 q 7  
0 0 6 0 5 2  
C C G C 5 3
oc6iqc 
cosiqi
0 0 6 1 4 2
0 0 6 1 4 3  
C 0 6 1 4 4
0 0 6 1 4 5
0 0 6 1 4 6
0 0 6 1 4 7
0 0 6 1 5 0
0 0 6 1 5 1
•  A B S O L U T E  A S S E M B L Y  *
I N P U T  L I N E
¡ U S E R  D E F I N E D  T E S T  M N E M O N I C S
J U S E  A S  F O L L O W Q :  S K L E  1 . 2  M E A N S  S K I P  I F  A C 1  L E S S  O R  E Q  T O  A C 2
. D A L C  S K L E  =  S U B L H  0 . 0 . S Z C  ¡ S K I P  I F  L E S S  O R  E Q U A L
. D A L C  S K G T  =  S U B L #  0 . 0 . S N C  ¡ S K I P  I F  G R E A T E R  T H A N
. D A L C  S K E Q  =  S U 9 8  C . O . S Z R  ¡ S K I P  I F  E Q U A L  
. D A L C  S K N E Q =  S U B f f  0 . 0 . S N R  ¡ S K I P  I F  N O T  E Q U A L  
. D A L C  S K Z E R =  M O V  C . O . S Z R  ¡ S K I P  I F  A C  =  Z E R O
. D A L C  S K N E Z =  M O V  0 . 0 . S N R  ¡ S K I P  I F  A C  N O T  =  Z E R O
. D A L C  S K L T Z =  M O V L #  0 . 0 . S N C  ¡ S K I P  I F  A C  L E S S  T H A N  Z E R O
. D A L C  S K G T Z =  N E G L A  0 . 0 . S N C  ¡ S K I P  I F  A C  >  Z E R O
. D A L C  S K G E Z =  M O V L t t  0 . 0 . S Z C  ¡ S K I P  I F  A C  >  O R  =  Z E R O
. D A L C  S K L E Z r  N E G L #  O . O . S Z C  ¡ S K I P  I F  A C  <  O R  =  Z E R O
• D U S R  T Y P E  = J S R  3 4 1  
• D U S R  R E A D T = J S R  3 4 0  
. D U S R  W R I T E =  J S R  3 4 4  
. D U S R  F I L E = J S R  3 4 5  
. D U S R  N U M O U = J S R  3 4 6  
. D U S R  N U M I N = J S R  3 4 7  
. D U S R  C A R L F = J S R  3 5 2  
. D U S R  T A S T Y  = J 5 R  3 5 3  
. D U S R  T E X T  = J S R  3 1 4 0  
. D U S R  I N I T  = J S R  3 1 4 1  
. D U S R  S I N C R = J S R  3 1 4 2  
. D U S R  P L T I U = J S R  3 1 4 3  
. D U S R  P L T I D = J S R  3 1 4 4  
. D U S R  P L T A U = J S R  0 1 4 5  
. D U S R  P L T A D = J S R  3 1 4 6  
. D U S R  P L T S U = J S R  3 1 4 7  
. D U S R  P L T S D = J S R  3 1 5 0  
. D U S R  C O O R D = J S R  3 1 5 1  
. E N D
T H E R E  W E R E  N O  E R R O R S  D E T E C T E D  I N  T H I S  A S S E M B L Y
16
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(
i
(
(
. M A I N N O V A  C R O S S A S S E M B L E R
L I N E  N O . E R R O R S L O C V A L U E
1
2
■»
4
5 0 C C 2 4 1
6 C C 0 1 5 5
7 0 0 0 0 5 5
8 C C C C 5 7
9 0 0 0 1 3 6
1 0 0 C C 1 3 7
1 1 0 0 0 1 0 6
1  2 0 C C 1 0 7
1 3 0 0 0 2 3 0
1 4 0 C C 3 1 1
1 5 0 0 0 1 2 3
1 6 0 0 0 2 6 2
1  7 0 0 0 3 1 6
1  8 0 C C 1 0 5
1  9 0 0 0 2 6 0
2 0 0 0 0 3 0 3
2 1 0 0 C 3 0 2
2 2 0 0 0 0 4 2
2 3 0 0 0 2 6 1
2 * 1 0 0 0 3 0 6
2  5 C O D  3 0  7
2 6 0 0 0 2 4 5
2 7 0 0 0 2 5 7
2 8 0 0 0 0 7 7
2 9 0 0 0 3 0 1
3 0 O C  7 6 0 0
3 1 0 0 7 6 0 1
3 2 0 0 7 6 6 1
3 3 0 0 7 6 6 0
3 < i 0 0 7 6 0 2
3 5 0 0 7 6 1 3
3 6 0 0 7 6 6 2
3 7 0 0 0 0 0 7
3 8 0 0 0 0 7 0 4 6 4 0 1
3 9 0 0 0 2 4 0
< 1 0 0 0 2 9 0 C 3 0 0 C C
< 1 1 0 3 0 0 0 0
4 2 3 0 0 0 0 0 0 6 0 0 5
H Z 3 0 0 0 1 C 3 0 5 5 7
H H 3 0 C 0 2 0 0 6 0 4 4
H Z 3 0 0 0 3 0 0 6 0 5 2
4 6 3 0 0 0 4 0 2 0 3 1 G
H I 3 0 0 0 5 1 0 1 0 0 5
H B 3 0 0 0 6 0 0 0 4 0 7
<1 9 3 0 0 0 7 0 2 0 5 5 3
5 0 3 0 0 1 0 1 0 1 0 0 5
5 1 3 0 0 1 1 0 C 2 5 6 6
5 2 3 0 0 1 2 1 0 2 4  O C
5 3 3 0 0 1 3 0 4 0 3 1 6
5 * 1 3 0 0 1 4 C Q C 4 4 3
(
VERSION 2.30 PACE 1
I N P U T  L I N E  
i
Ï M A G N O V A  D A T A  S Y S T E M  0 7  A U G U S T  1 9 7 7
P  L O T  E  K : 2 4 1  ¡ C O M M U N I C A T I O N S  A R E A
C H E K F : 1 5 5  ¡ L I N K A G E  A D D R E S S E S  T O
L N T N T  : 5 5  ¡ Q U A D N O V A  S U B R O U T I N E S
E X T P G = 5 7
N S C N S : 1 3 6
S C N T : 1 3 7
S T  A R M : I O C
S T  O P M  = 1 D 7
M C N T  = 2 3 0
W D N U M : 3 1 1
D I V I D : 1 2 3
M U L T Y = 2 G 2
R F L A G : 3 1 G
D S U M - 1 D  5
P E P L T : 2 G 0
C L O S E D 3 0 3
T  A P E S  : 3 0 2
M A G : « ¡ 2
A P L O T  = 2 6 1
B K G Y S = 3 0 6
B K P T R : 3 0 7
P G T  A P E : 2 4 5
P G C P T = 2 5 7
C O N T R O L : 7 7
W B L O K : 3 0 1
S T  A M : 7 G 0 D
S T O M : S T  A M * 1
S T P A V : 7 6 6 1
S T S P N : 7 6 6 0
D A T E S : S T O M M
N A M E B : D  A T E B * 1 1
B B D A T A : S T  A M *  5 0 .
•  L O C  
U S A R
7  ¡ P A G E  Z E R O  P O I N T E R S
. L O C 2 4 0
p m g s c : C A L S C
. L O C 3 0 0 0 0
c a l s c : F I N I ¡ 3 U A D N 0 V A  X  O P T I O N  C A U S E S
L D A 2 » M G H E 1  ¡ J U M P  T O  C A L S C
W R I T E
C A R L F
¡ - M A G N O V A  S Y S T E M "
L D A 0 «  R F L A G
S K N E Z 0 . 0  ¡ R F L A G : 0 ?
J M P . ♦ 7  ¡ Y E S - N O R M A L  M A G N O V A
L D A O . C A L F G  ¡ N O - R E P E A T  P R E V  O P T I O N
S K N E Z D . C  ¡ C A L F G : 0 ?
J M P i P P S C A  ¡ Y E S - R E P E A T  S C A N
S U B 0 . 0  ¡ N O - S E T  R F L A G : 0
S T  A 0 . R F L A G
J M P C A L S T - 3  ¡ R E P E A T  C A L I B R A T E
16
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(
(
i
V
. m a i n N O V A  C R O S S A S S E M B L E R
L I N C  N O . E R R O R S  L O C V A L U E
5 5 3 0 0 1 5 0 2 0 5 4 2
5 8 3 C 0 1 6 0 0 6 0 4  4
5 7 3 0 0 1 7 C 0 6 5 5 7
5 8 3 0 C 2 0 0 0 0 4  0 3
5 9 3 0 0 2 1 C 0 2 5 5 6
E C 3 C C 2 2 0 0 2 0  7  7
8 1 3 0 0 2 3 1 2 6 5 2 0
8 2 3 0 C 2 4 0 4 4 5 3 6
£ 3 3 0 0 2 5 0 3 C 5 3 4
6 4 3 0 C 2 6 0 0 6 0 4 4
6 5 3 0 0 2 7 0 3 0 5 5 1
6 6 3 0 C 3 0 0 0 G C 4 5
8 7 3 0 0 3 1 0 0 6 0 5 2
6 8 3 0 0 3 2 0 2 4 5 4 3
6 9 3 C 0 3 3 C 4 6 5 3 7
7  D 3 0 0 3 4 0 4 4 1 0 6
7 1 3 0 0 3 5 0 3 0 5 4 7
7 2 3 0 0 3 6 0 0 6 0 4 4
7 3 3 0 0 3  7 0 0 6 5 5 3
7 4 3 0 0 4  0 O C C 7 4 1
7 5 3 0 0 4 1 0 4 4 5 4 5
7 6 3 0 0 4 2 0 0 6 0 5 2
7 7 3 0 0 4  3 0 3 0 5 5 0
7 8 3 0 0 4 4 0 0 6 0 4 4
7 9 3 C 0 4 5 0 0 6 5 4 5
8 C 3 0 0 4 6 0 0 0 7 3 3
8 1 3 0 0 4 7 0 4 4 5 4 2
8 2 3 0 0 5 0 0 0 6 5 2 3
8 3 3 0 0 5 1 0 0 6 C 5 2
8 < 1 3 0 0 5 2 0 2 2 5 1 6
8 5 3 0 0 5 3 1 0 1 0 0 5
8 6 3 0 0 5 4 0 0 6 5 1 3
8 7 3 0 0 5 5 0 3 0 5 4 1
8 8 3 0 0 5 6 0 0 6 0 4 4
8 9 3 0 0 5 7 C 2 0 5 4 3
9 0 3 0 0 6 0 0 4 2 5 4 3
9 1 3 0 0 6 1 C 0 6 5 3 7
9 2 3 0 0 6 2 0 0 6 5 2 1
9 3 3 0 0 6 3 0 2 6 5 0 2
9 * 1 3 0 0 6 4 1 2 5 0 0 4
9 5 3 0 0 6 5 0 0 6 5 0 1
9 6 3 0 0 6 6 0 0 6 5 2 1
9 7 3 0 0 6 7 C 3 0 5 0 2
9 8 3 0 0 7 0 0 6 0 4 7 7
9 9 3 0 0 7 1 1 0 1 1 2 2
I O C 3 0 0 7 2 0 0 0 4 0 6
1 0 1 3 C 0 7 3 0 2 2 5 3 2
1 0 2 3 0 0 7 4 1 0 0 5 1 3
1 C  3 3 0 0 7 5 0 0 2 5 2 2
1 0 4 3 0 0 7 6 0 0 6 5 1 7
1 0 5 3 0 0 7 7 0 0 0 4 2 2
1 0 6 3 0 1 0 0 0 C 6 5 1 4
1 0 7 3 0 1 0 1 0 0 6 0 5 2
1 0 8 3 0 1 0 2 0 2 5 C 4 0
(
VERSION 2
c a l s t :
C A L M T
0 P A C E 2
I N P U T L I N E
L D  A  
W R I T E
2  » M G  M E 2
• " C A L I B R A T E ? "
J S R f i R E P L P
J M P . ♦ I ¡ y e s
J M P a p p s c A ; n o
J M P a C O N T R O L ¡ A R R O W
S U B 2 L 1 * 1
S T  A 1  f C A L F G ¡ S E T  C A L I B R A T E  F L A G  =  1
L D  A 2  »  M G  M E  3 ¡ F O R  C A L I B R A T E
W R I T E  
L D  A  
F I L E  
C A R L F
2  » D  A  T  E
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3 3 9 3 0 9  3 G 0 9 0 5 0 C
' 3  * 1 D 3 0 9 3 7 1 0 2 5  2 0
3 9 1 3 0 9 9 0 0 9 0 7 6 C
3 9 2 3 0 9 9 1 0 9 0 6 7 2
3 * 1  3 3 0 9 9 2 0 0 0 9 1 3
3 9 « » 3 0 9 9 3 0 5 9  7 5 3
3 * 1 5 3 0 9 9 9 0 9 0 7 5 3
3 9 6 3 C 9 9 5 0 2 9 6 6 6
3 9 7 3 0 9 9 C 1 2 5 C C 5
3 9  8 3 0 9 9  7 O C C 7 5 5
3 9 9 3 C 9 5 0 0 0 0 9 0 9
3 5 C 3 0 9 5 1 0 1 9 7 9 6
3 5 1 3 0 9 5 2 0 0 0 9  0 2
' 3 5 2 3 0 9 5 3 C C 2 7 9  3
3 5 3 3 C 9 5 9 0 1 0 7 9 9
3 5 9 3 0 9 5 5 0 2 2 6 5 5
3 5 5 3 0 9 5 6 0 1 0 6 5 9
3 5 6 3 0 9 5 7 0 2 6 7 2 1
3 5 7 3 0 9 6 0 1 2 5 0 0 9
l 3 5 8 3 0 9 6 1 0 0 0 9 0 5
3 5 9 3 0 9 6 2 0 3 0 7 3 6
3 6 0 3 0 9 6 3 0 2 6 7 1 3
f 3 6 1 3 0 9 6 9 1 9 6 5 1 3
3 6 2 3 0 9 6 5 0 0 0 7 6 9
3 6 3 3 0 9 6 6 0 3 9 7 1 3
( 3 6 9 3 0 9 6 7 1 0 1 1 3 2
3 6 5 3 0 9 7 0 1 6 1 0 0 0
3 6 6 3 0 9 7 1 0 3 0 7 2 2
1 3 6 7 3 0 9 7 2 0 2 9 7 2 7
3 6 8 3 0 9 7 3 1 1 2 5 1 3
3 6 9 3 0 9 7 9 0 0 0 7 5 5
( 3 7 0 3 0 9 7 5 1 2 5  9  C O
3 7 1 3 0 9 7 6 0 9 9 7 2 3
3 7 2 3 0 9 7 7 1 5 2 5 2 0
1 3 7 3 3 0 5 0 0 1 3 2 5 1 2
3 7 9 3 0 5 0 1 0 0 0 9 0 6
3 7 5 3 0 5 0 2 C 9 0 6 7 5
3 7 6 3 0 5 0 3 0 9 0 7 1  7
3 7 7 3 0 5 0 9 0 9 0 9 7 1
3 7 8 3 0 5 0 5 0 0 9 5 1 5
V E R S I O N  2 . 3 C
I N P O :
i N P i :
I N P 2 :
l
PACE 7
I N P U T  L I N E
. ' T H I S  S / R  L O C A T E S  T H E  M A X I M A  ( P E A K S I  
¡ I N  T H E  I N T E N S I T Y  S P E C T R U M  A S  
# R E C E I V E D  F R O M  T H E  D A T A  C H A N N E L  
; b y  t h e  m o v i n g  w i n d o w  T E C H N I Q U E
S U B O t O » I N I T I A L I S A T I O N  S E C T I O N  S E T S
S T A 0 . P C N T » P O I N T E R S » C O U N T E R S  A N D  M A G P T  F L A G
S T  A 0 » W I D T H
S T A O f I B I G
L D A O f 3 I 3 U F T
S T A O f P I B U F
L D A O f 3 M B U F T
S T A C t P M B U F
L D A D f S I Z E W
M O V 2 R D f C
S T  A O f  H S Z E W
S U B Z L O f  0
S T A O f  T I M E
S T A O t M A G P T
J M P I N P 2 * A
S T A 3 f T H R E T ¡ E N T R Y  P O I N T f S A V E  R E T U R N  A D D R E S S
S T  A O f B U F C T ¡ S T O R E  B U F F E R  S I Z E
L D A 1 f M A G P T
S K N E Z I f  1 ¡ F I R S T  T I M E  T H R O U G H  P ^ I N D  ?
J M P I N P O ¡ Y E S f G O  T O  I N I T I A L I S A T I O N  R O U T I N E
J M P .  * 4 ¡ N O
D S Z B U F C T ¡ E N D  O F  B U F F E R  ?
J M P ■  * 2 ;  N O
J M P S T H R E T ¡ Y E S f R E T U R N  T O  C A L I B R A T E  O R  S C A N
I S Z T I M E
L D A O f 3 P B U F ¡ N E W  I N T E N S I T Y
I S Z P 9 U F
L D A 3  f  S P C L F G
S K Z E R 1  f  1 ¡ C A L I B R A T E  F L A G  = 1  ?
J M P . ♦ 5 ¡ Y E S f C A L I B R A T E - I G N O R E  T R I M  S E C T I O I
L D A 2 f T I M E ¡ N O f S C A N - T R I M  S P E C T R U M
L D A I f S P T S T P
S K G T 2  f  1 ¡ T I M E 7 T S T 0 P  ?
J M P I N P 2 ¡ N O f I G N O R E - G E T  N E X T  I N T E N S I T Y
L D A 3  f I M A X M
M O V Z L B O f O f S Z C ¡ O V E R L O A D  B I T  S E T ?
M O V 3 f  0 ¡ Y E S - S E T  I = 7 7 7 7 7 0 C T A L
L D A 2  f T H R E S ¡ Y E S
L D A 1 f W I D T H
S K G T O f  2 ¡ N O f I S  I N T E N S I T Y  >  T H R E S H O L D  ?
J M P I N P 2 ¡ N O
I N C 1  > 1 ¡ Y E S t P E A K  P O S S I B L Y  O C C U R I N G
S T A 1 f W I O T H
S U B Z L 2  f  2
S K L E 1  f  2 ¡ W I O T H M ?
J M P I N P * l ¡ Y E S f P E A K  D E F I N I T E L Y  O C U R R I N G
S T A O t I S U M ¡ N O f P E A K  O N L Y  C O M M E N C I N G
S T A O t I B I C
S T A O f H I G H I
J S R T O B I
17
3 •  M A I N N O V A  C R O S S A S S E M H L E R
L I N E  N O . E R R O R S  L O C V A L U E
3 7 9 3 0 5 0 6 C O O  7  A  3
3  B C 3 C 5 0 7 D C A  5 1 3
3 8 1 3 C 5 1 0 0 2  A  7 1 1
3 8 2 3 0 5 1 1 0  3  C  A  2  6
3 8 3 3 C 5 1 2 1 3 2 5 1 3
3  B A 3 C 5 1 3 0  D C A  6  3
3 8 5 3 0  5 1  A 0 2 A 6 6 3
3 8 6 3 0 5 1 5 1 3 6 5 1 3
3 8 7 3 0  5 1 6 1 2  6  A  0 1
3 8 8 3 0 5 1  7 1 6 6  A  C C
3 8 9 3 C 5 2 0 m o c o
3 9 D 3 0 5 2 1 1 2 3 C C 0
3 9 1 3 0  5  2 2 1 0 1 1 3 2
3  9 2 3 0 5 2 3 C 2 0 6 5 6
3 9 3 3 0  5  2  A 0 A C 6 5 3
3  9 * 1 3 0 5 2 5 C  2  A  6  7  5
3 9 5 3 0 5 2 6 1 0 6 5 1 3
3 9 6 3 0 5 2 7 0 C C A 1 1
3 9 7 3 0 5 3 0 C A C 6 7 2
3 9 8 3 0 5 3 1 0 2 A 6 6 7
3 9 9 3 C 5 3 2 C 2 0 A C A
A C O 3 0 5 3 3 1 0 6 A 0 C
A  0 1 3 0  5  3  A O A A  6 6 7
A  0 2 3 0 5 3 5 0 C 0 A C 2
A C  3 3 0 5 3 6 O O O O C C
A C A 3 0 5 3 7 O O C C C C
A  0 5 3 0 5  A O 0 2 0 A  3 5
A C 6 3 0 5  A  1 1 A  2 5 1 3
A C 7 3 0  5  A  2 0 0 D A 0 3
A 0 8 3 0 5  A  3 0 5 0 A 3 2
A 0 9 3 0  5  A  A 0 0 0 7 0 5
A 1 0 3 0 5  A  5 1 0 1 2 2 C
A l l 3 C 5 A 6 1 C  1 2 2 0
A 1 2 3 0 5  A  7 1 0 1 2 2 0
A 1 3 3 D 5 5 C 1 0 1 2 2 0
A 1 A 3 0 5 5 1 0  3  A  6  A  2
A 1 5 3 0 5 5 2 1 6 2 5 1 2
A 1 6 3 0 5 5 3 1 6 1 C C Q
A 1 7 3 C 5 5 A 1 A 2 5 1 2
A 1  8 3 0 5 5 5 0 0 0 6  7  A
A 1 9 3 C 5 5 6 0 2 0 6 A  5
A 2 0 3 0 5 5 7 O A  2 6 2 5
A 2 1 3 0 5 6 0 0 1 0 6 2  A
A 2 2 3 0 5 6 1 0 2 0 6 A  1
A 2 3 3 0 5 6 2 0 A 2 6 3 3
A 2 A 3 0 5 6 3 0 1 0 6 2 5
A 2 5 3 0 5 6 A 0 1 C 6 3 1
A 2 6 3 0 5 6 5 1 2 6  A  C O
A  2 7 3 0 5 6 6 0  A  A  6  3  A
A 2 8 3 0 5 6 7 0 A  A  6  3 2
A 2 9 3 0 5 7 0 0 2  A  6 2 0
A  3 0 3 0 5 7 1 0 2 0 6 2 3
A  3 1 3 0 5 7 2 1 2 2 5 1 2
A  3 2 3 0 5 7 3 0 0 6 A  2  3
(
VERSION 2.30 PATE 8
I N P U T L I N E
J M P I N P 2 '
i n p a  : J S R T O B I J  P E A K  D E F I N I T E L Y  O C C U R I N G
L D A 1 » W I D T H
L D A 2 . S T Z E W
S K G T 1 . 2 J I S  W I D T H >  W I N D O W  S I Z E ?
J M P I N P 5 ;  n o  '
L D A l . I S U M ¡ Y E S .  W I D T H  >  W I N D O W
S K G T 1 »  3
S U B 1  »  1  »  S  K P
S U B 3 * 1 • C O R R E C T  I S U M  F O R  M O V I N G  W I N D O W
M O V 0  t  2
A D D 1  » 0
M O V Z L B 0 . 0 , S Z C ¡ I S  I N T E N S I T Y  S U M  > M A X I M U M  ?
L D A 0  » I M  A X  M I  Y E S , S E T  =  7 7 7 7 7  O C T A L
S T A D . I S U M J N O .  S T O R E  I N T E N S I T Y  S U M
L D A 1 » I B I G
S K G T 0 . 1 i l S  I S U M > I B I G ?
J M P I N P 3 . ' N O
S T A O t I B I G •  Y E S
L D A 1  » T  I M E
L D A D  «  H S  Z E W
S U B C » 1
S T A 1  »  T B I G ¡ S E T  T B I G =  T I M E  F O R  P E A K  C E N T R E
J M P I N P 3
H S 7 E W ! □
S I Z E W  I 0
I N P 3 : L D A 0  *  H I G H I J T  H I S  S E C T I O N  T E S T S  F O R
S K G T 2 1 0 . ' E N D  O F  P E A K
J M P . ♦ 3
S T A 2 . H I G H I ; I N T >  H I G H I
J M P I N P 2
M O V  Z R 0 . 0 • I N T E N S  I N  A C - 2
M O V Z R 0  *  D
M O V Z R 0 . 0
M O V Z R 0 . 0
L D A 3 . T H R E S
S K L E 3 . 0
M O V 3 * 0
S K L E 2 . 0
J M P I N P 2 ¡ C O N T I N U E
L D A 0  . T B I G ¡ E N D  O F  P E A K
S T A D  » 3 P M B U F
I S Z P M B U F
L D A O . I B I G
S T  A O . a P I B U F
I S Z P O N T
I S Z P I B U F
S U B 1 . 1  .
S T A 1  * I B I G
S T A 1  . W I D T H
L D A 1 . P O N T
L D A O . P L I M
S K L E 1 . 0 ¡ I S  P C N T > P L I M ?
J S R a P E M E S • Y E S - E R R O R  H A L T
)
.MAIN NOVA CROSS ASSEMBLER V E R S I O N  2.30 PAGE 9 )
LINE NO. E RRORS LOC VALUE INPUT LINE
<133 30574 000655 JMP INP2 ¡NO— C O N T I N U E \A 3*4 3C575 000000 H T 6 H I : 0«»35 30576 024623 INP5: LD A l.WIDTH ¡ W I D T H C - W I N D O W  SIZE
A 3E 30577 C 36 4 20 LDA 3 • SPISUM \«»37 30600 1110CC MOV 0*2438 30601 163CC0 ADO 3*0 '439 30602 101132 MOVZL# 0 .0 .szc '\440 30603 022415 LDA 0.3 P I M X M
441 30604 042413 ST A o . apisuM442 306 C 5 036414 LOA 3 » 3PIBIG )443 30606 116513 SKGT 0.3 ¡IS I S U M > I B I G ?
4 4 4 30607 000731 JMP INP3 ¡NO
445 30610 042411 STA O.a P I B I G  ¡YES )4 4 G 30611 125220 MOVZR 1.1
447 30612 0346C6 LDA 3.TIME
4 4  8 3C613 1364 CO SUB 1.3 )449 30614 0546C7 STA 3.T3IG
45C 30615 0 00723 JMP INP3 ¡AC-2 HAS I N T E N S I T Y
451 3CG16 033363 p e m e s : ERMSG
452 3061 7 030377 p i s u m : ISUM 1
453 30620 030401 p i m x m : IMAXM
454 30621 030422 p i b i g : IB I G ')
455 ¡S/R T OBI
4 56 ;  i n p u t  : AC-C C O N TAINS INTEN S I T Y  TO BE I N SERTED
457 » AT THE B O T T O M  OF THE TOBI B UFFER )
458 ÎS/R MOVES THE BO T T O M  FOUR N U M B E R S  OF THE BUFFER
459 « U P  ONE L O C A T I O N  AND THEN I N S E R T S  C O N T E N T S  OF
4 60 ¡ a c - o  i n t o  t h e B O T T O M  LOCATION. ,
461 ¡RETURN WITH AC -3 C O N T A I N I N G  THE NUM B E R
462 ¡ P R E V I O U S L Y  AT THE TOP OF THE BUFFER.
463 30622 054464 t o b i : STA 3.RT0BI ¡SAVE R E T U R N  ADDRESS )
464 30623 024714 LDA I.SIZEW .
465 30624 124400 NEG 1 * 1
466 30625 124000 COM 1.1 )
467 3C626 044416 STA 1.B5CNT ¡SET 3 5 C N T = S I Z E W - 1
468 3C627 034417 LDA 3 rBUF 5
469 306 30 167000 ADO 3.1 .1
4 70 30631 044454 STA 1.B5END ¡SET B5END =LAST LOC IN BUFFER
471 30632 044413 STA 1.B5PTR ¡SET 3 5 P T R = E N 0  OF BUFFER
4 72 30633 026412 LDA I » a 3 5 F T R  ¡GET 30TT0M IN T E N S I Y \
4 73 30634 014411 DSZ B5PTR ¡DECRE M E N T  POIN T E R '
4  74 30635 032410 LDA 2. 3 3 5 F T R  ¡GET NEXT I N T E N S I T Y
4 75 306 36 046407 STA 1.Î 3 5 P T R  ¡STORE PR E V I O U S  INTE N S I T Y
476 30637 1450CC MOV 2.1
477 306 4 Q 014404 DSZ B5CNT ¡DE C R E M E N T  C O U N T E R - I S  IT 0 ?
4 78 30641 0 00773 JMP .-5 ¡NO.ROUND AGAIN 1
479 30642 C 4 2 4 4 3 ST A 0 . S35END ¡STORE NEW I N TENSITY /
4 80 30643 002443 JMP 8RT03I ¡RETURN
481 30644 o c c c c o B 5 C N T : 0
4 82 30645 c c o c c o B 5 P T R : 0 y
433 30646 030647 b u f s : .♦1
4 84 000036 . B L K 30.
4 35 3 0 7 Q 5 o o c c o c B S E  N O : 0
4 SG 3 0 7 C G O C CO D  0 R T O B X : □
M A I N N O V A  C R O S S  A S S E M B L E R
L I N E  N O .  E R R O R S  
« 1 8 7  «1 88 
« 1 8 9  
A  9 C  A 91 AST 
A  9  3  
A  9 A  
A  9 5  
A  9 6  
A 9 7  
A  9 8  
A  9 9  5DC
5 0 1
5 0 2
5 0 3  
S P A  
5 0 5  
5 P E
5 0 7
5 0 8
5 0 9
5 1 0
5 1 1
5 1 2
5 1 3  
5 1 A
5 1 5
5 1 6
5 1 7
5 1 8
5 1 9
5 2 0
5 2 1
5 2 2
5 2 3  
5 2  A
5 2 5
5 2 6
5 2 7
5 2 8
5 2 9
5 3 0
5 3 1
5 3 2
5 3 3  
5 3 A
5 3 5
5 3 6
5 3 7
5 3 8
5 3 9  
5 A 0
L O C  V A L U E
3 0  7 0  7 0 5 A 5 1 6
3 0 7 1 0 0 2 2 5 2 0
3 0 7 1 1 C A  0 5 2 0
3 0 7 1 2 0 2 6 5 2 1
3 0 7 1 3 0 A  A  5 2 1
3 0 7  1  A 0 3 0 5 1 2
3 0 7 1 5 0 2 6 5 1 5
3 0 7 1 6 0  A  A  5 1 1
3 0  7 1  7 0 2 5 0 0 0
3 0 7 2 0 0 2 1 0 0 1
3 0 7 2 1 1 2 2 A 0 0
3 0 7 2 2 1 0 1 2 2 0
3 0 7 2 3 1 1 5 2 2 0
3 0 7  2  A 1 6 3 0 0 0
3 0 7 2 5 1 3 7 C 0 C
3 0 7 2 6 0 5 A 5 C 7
3 0 7 2 7 1 0 6  A  0 0
3 0 7 3 0 O A A  5 0 6
3 0 7 3 1 0 2 2 A 7 6
3 0 7 3 2 1 2 2 5 1 2
3 0 7 3 3 C 0 A A 5 2
3 0 7  3  A 1 1 6 5 1 3
3 0 7 3 5 0 0 0 A 2 3
3 0 7 3 6 C 1 A A 7 6
3 0 7 3 7 1 5 1 A  0 0
3 0 7  A O 0 2 1 0 0 0
3 0 7  A  I 0 2 5 3 7 7
3 C 7 A 2 1 2 2 A  0 0
3 0 7 A 3 1 0 1 2 2 0
3 0 7  A A 1 0 1 2 2 0
3 0 7 A 5 0 3 5 0 0 0
3 0 7  A  6 1 1 7 0 0 0
3 0 7 A  7 0 2 A  A  6  6
3 0 7 5 0 0 5 A A 6 5
3 0 7 5 1 1 2 5 A C C
3 0 7 5 2 0  A  A  A  6  A
3 0 7 5 3 C 2 2 A 5 A
3 D 7 5 A 1 1 6 5 1 2
3 0 7 5 5 0 0 0 7 6 1
3 0  7  5 6 1 2 2 5 1 2
3 0 7 5 7 0 0 6  A  A  A
3 0 7 6 0 C 2 0 A 5 A
3 0 7 6 1 0 2 A  1 0 6
3 0 7 6 2 1 2 2 5 1 2
3 0 7 6 3 0 0 0 A 2 0
3 0  7 6  A 0 A 2 A A 3
3 0 7 6 5 0 1 A A A A
3 0 7 6 6 0 0 0 A 0 2
3 0 7 6 7 0 0 2 A  3 6
VrRSION 2.3 PAGE 1C
I N P U T
; s / r
¡ S / R  U S E S  T I M E  
« C A L I B R A T E  T O  
¡ M A S S E S .  T I M E S  
¡ A N D  M A S S E S  S T  
C O N V T  :
L I N E
C O N V T
S  F R O M  T A B L E  G E N E R A T E D  D U R I N G  
C O N V E R T  S C A N  R U N  T I M E S  T O  
A R E  O B T A I N E D  F R O M  M - B U F F E R  
O R E D  B A C K  T H E R E .
c i n p :
c i n p i :
S T A 3 » C V R E T  ¡ S T O R E  R E T U R N  A D D R E S S
L D A D . 2 P P C N T
S T A O . C C N T
L D A 1 » a P H MA S
S T A 1 » T M A S S
L D A 2 » C A L 3 F
L D A 1 . 3 M B U F P
S T A 1 t P M A S B
L D A 1 . 0 . 2  ¡ G E T  C U R R E N T  T I M E
L D A 0 . 1 . 2  ¡ G E T  N E X T  T I M E
S U B 1 . 0
MO V 2 R 0 . 0  Î T D I F / 2
M 0 V 2 R 0 . 3  ¡ T D I F / A
ADD 3 . 0  Î A C - 0  = 3 / « 4 T D I F
ADD 1 . 3  ;  A C - 3 = T * l / m o i F
ST A 3 . T P D E C
S U B 0 . 1  Ï A C - l = T - 3 / * l T D I F
S T A 1 . T M D E C
L D A O . a P M A S B  ¡ G E T  1 S T  S C A N  T I M E
S K L E l . C
J S R E L I M T
S K G T 0 . 3
J MP C I N P I
D S Z T MA S S
I N C 2 . 2
L D A 0 * 0 . 2
L D A 1 . - 1 . 2
S U B 1 . 0
MOV Z R 0 . 0
M O V Z R o . c
L D A 3 . 0 . 2
A D D 0 . 3
L D A 1 » T P D E C
S T A 3 . T P D E C
I N C 1 . 1  ;  A C - l = T - 3 / * l T D I F
S T A 1 . T M D E C
L D A O . a P M A S B
S K L E 0 . 3  ! T  < = T « - l / < i T D I F
J MP C I N P
S K L E l . C  ; Y E S . T - 3 / « < T D I F < = S C A N
J S R a P M S E R  ¡ N O
L D A 0 . T M A S S  ¡ Y E S
L D A 1 . S T  ARM
S K L E 1 . 0
J MP O V R U N
S T A O . a P M A S B
D S Z C C N T
J M P •  *2
J MP 8 C V R E T
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6 •  M A I N N O V A  C R O S S A S S E M f . L C R
L I N O  N O . E R R O R S  L O C V  A L U r
i 5 U 3 0 7 7 0 0 1 0 4 3 7
5 * 1 2 3 C 7 7 1 0 3 4 4 4 4
5 * 1  3 3 0 7 7 2 0 2 4 4 4 4
5 * 1  * 1 3 0 7 7 3 0 2 2 4 3 4
5 * i  5 3 0 7 7 * 1 1 1 6 5 1 2
5 * 1  E 3 0 7 7 5 0 0 0 7 4 1
1 5 * »  7 3 0 7 7 6 1 2 2 5 1 2
5 * i  e 3 C 7 7 7 0 0 0 7 3 7
5 « l 9 3 1 0 0 0 0 2 0 4  3 4
< 5 5 0 3 1 0 0 1 0 4  2 4  2 6
5 5 1 3 1 0 0 2 0 0 0 7 6 3
5 5 2 3 1 0 C 3 0 1 6 4  2 5
1 5 5 3 3 1 0 0 * 1 O O C 7 7 3
5 5 * * 3 1 0 0 5 0 0 6 4 1 6
5 5 5 3 1 0 0 6 0 5 4 4 1 6
< 5 5 6 3 1 0 0  7 0 2 6 4 2 4
5 5 7 3 1 0 1 0 0 4 6 4 1 7
5 5 8 3 1 0 1 1 0 1 0 4 1 6
( 5 5 9 3 1 0 1 2 0 1 4 4 1 7
5 6 0 3 1 0 1 3 0 0 0 4 0 2
5 6 1 3 1 0 1 * 1 0 0 6 4 0 7
5 6 2 3 1 0 1 5 0 2 2 4 1 2
5 6 3 3 1 0 1 6 C 2 4 4 2 0
5 6 4 3 1 0 1 7 0 3 4 4 1 6
5 6 5 3 1 0 2 0 1 2 2 5 1 2
5 6 6 3 1 0 2 1 0 0 0 7 6 6
5 6 7 3 1 C 2 2 0 0 2 4 0 2
5 6 8 3 1 0 2 3 0 3 3 3 6 3
5 6 9 3 1 0 2 * 1 0 0 0 0 0 0
5 7 C 3 1 0 2 5 0 0 0 0 0 0
¡ 5 7 1 3 1 0 2 6 C 3 4 C O C
5  7 2 3 1 0 2 7 O C C O O O
5 7 3 3 1 0 3 0 C 3 C 4 1 C
( 5  7 * 1 3 1 0 3 1 0 0 0 0 0 0
5 7 5 3 1 0 3 2 0 4  C O C I
5 7 6 3 1 0 3 3 C 3 C 2 1 0
( 5 7 7 3 1 0 3 * 1 C Q C O O C
5 7 8 3 1 0 3 5 O O C C O C
(
(
(
5 7 9
5 8 0
5 8 1
5 8 2
5 8 3  
5 8 * 1
5 8 5
5 8 6
5 8 7
5 8 8
3 1 0 3 6 O O O O O C
5 8 9 3 1 0 3 7 0 5 4 4 3 1
5  9 0 3 1 0 4 0 0 0 6 0 4 6
5 9 1 3 1 0 4 1 0 2 0 4 3 0
5  9 2 3 1 0 4 2 0 0 6 0 4 1
5 9 3 3 1 0 4 3 0 0 6 4 3 5
5  9 4 3 1 0 4 4 0 0 2 4 2 4
C
VERSION 2.30 PAGE 11
I N P U T L I N E
I S Z P M A S B
L D A 3 » T  P D E C
L D A 1  » T M D E C
L D A P  » 3 P M A S B
S K L E 0 * 3
J M P C I N P
S K L E 1 * 0
J M P C I N P
L D A O . T M A S S
S T A G t a P K A S B
J M P . - 1 5
O V  R U N  : D S Z a r p C N T
J M P . - 5
J S R 3 P M S E R
e l i m t : S T A 3 *  E L R E T
L D A 1 » B P H K A S
S T A 1  *  3 P M A S B
I S Z P M A S B
D S Z C C N T
J M P . * 2
J S R a P M S E R
L D A 0 * B P M A S B
L D A 1 » T M D E C
L D A 3 » T P D E C
S K L E 1 * 0
J M P E L I M T ♦ 1
J M P 3 E L R E T
p m s e r : E R M S G
e l r e t : 0
c v r e t  : 0
c a l b f : M T M B
p m  a s  b  : 0
p p c n t : P C N T
c c n t  : 0
m b u f p : M B U F
P H M a s  : H M A S S
T M a s s : C
t p d f c : C
T M D E C : 0
¡ S A V E  R E T U R N  A D D R E S S  
;  S E T  M = H M A S S
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6 1 1  
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6 1 9  
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6 2 3
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6 2 5
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6 2 7  
6 2  6
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6 3 0
6 3 1
6 3 2
6 3 3
6 3 4
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6 3 6
6 3 7
6 3 8
6 3 9  
6 4 D
6 4 1
6 4 2
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6 4 4
6 4 5
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3 1 0 4 5 0 2 2 4 2 5
3 1 0 4 6 0 4  0 4  2 5
3 1 0 4 7 0 2 2 4 2 5
3 1 0 5 0 0 4 0 4 2 7
3 1 0 5 1 0 2 2 4 2 4
3 1 C 5 2 0 4  0 4  2 4
3 1 0 5 3 0 2 2 4 2 4
3 1 0 5 4 0 3 4 4 1 7
3 1 0 5 5 1 3 6 4 1 5
3 1 0 5 6 0 0 0 4 0 6
3 1 0 5 7 0 1 0 4 2 C
3 1 0 6 0 0 1 0 4 1 6
3 1 0 6 1 0 1 4 4 1 2
3 1 0 6 2 0 0 0 7 7 1
3 1 0 6 2 0 C 2 4 D 5
3 1 0 6 4 1 C 5 0 C C
3 1 0 6 5 0 2 2 4 1 1
3 1 0 6 6 0 1 0 4 D 2
3 1 0 6 7 0 0 2 4 0 1
3 1 D 7 C 0 0 0 0 0 0
3 1 0 7 1 0 0 0 0 7 5
3 1 0 7 2 0 3 0 4 1 0
3 1 0 7 3 O O O O O C
3 1 0 7 4 0 4  0 0 0 1
3 1 0 7 5 0 4 0 0 0 0
3 1 0 7 6 C C C O O O
3 1 0 7 7 O O O O O C
3 1 1 0 0 0 3 1 1 3 2
3 1 1 0 1 C 5 4 4 2 4
3 1 1 0 2 1 2 2 4 0 0
3 1 1 0 3 0 4 0 4 2 4
3 1 1 0 4 1 2 6 4 0 0
3 1 1 0 5 0 4 4 4 2 1
3 1 1 0 6 0 0 6 0 0 4
3 1 1 0 7 0 2 5 0 2 0
3 1 1 1 0 0 2 1 0 2 2
3 1 1 1 1 1 2 0 2 0 0
3 1 1 1 2 1 0 0 0 2 0
3 1 1 1 3 0 6 0 4 1 3
3 1 1 1 4 0 3 0 4 1 2
3 1 1 1 5 1 1 0 2 0 0
3 1 1 1 6 0 5 1 0 C C
3 1 1 1 7 0 5 0 4 1 1
3 1 1 2 0 0 7 4 4 1 C
3 1 1 2 1 1 0 C 0 0 0
3 1 1 2 2 0 0 6 5 1 4
3 1 1 2 3 0 2 4  4  0 6
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7 0 3 3 1 1 7 6 0 4 0 4 3 7
7 0 4 3 1 1 7 7 0 0 6 0 0 4
7 0 5 3 1 2 0 0 0 6 0 4 2 3
7 0 6 3 1 2 0 1 0 2 0 4 2 2
7 0 7 3 1 2 0 2 0 2 4 4 3 2
7 r 8  . 3 1 2 0 3 1 0 0 0 2 0
7 0 9 3 1 2 0 4 1 2 4 C 2 C
7 1 0 3 1 2 0 5 1 2 2 4 0 0
7 1 1 3 1 2 0 6 0 2 4 4 2 4
7 1 2 3 1 2 0 7 1 0 4 1 0 0
7 1 3 3 1 2 1 0 0 2 0 4 1 5
7 1  A 3 1 2 1 1 1 0 7 0 0 C
7 1 5 3 1 2 1 2 0 4 4 4 1 5
7 1 6 3 1 2 1 3 0 7 4 4 1 4
7 1 7 3 1 2 1 4 1 0 0 0 0 0
7 1 8 3 1 2 1 5 0 0 6 4 2 1
7 1 9 3 1 2 1 6 0 3 4 4 1 2
7 2 0 3 1 2 1 7 0 2 0 4 1 2
7 2 1 3 1 2 2 0 1 6 2 4 0 0
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7 2 5 3 1 2 2 4 0 0 0 0 0 0
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' 3 1 2 E * C 2 0 1 0 1
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3 1 2 6 G 0 5 2 1 2 3
3 1 2 6 7 0 *  C  5 0 5
3 1 2 7 0 0 2 0 0 * 0
3 1 2 7 1 C  *  0 5 1 5
/
3 1 2 7 2 0 * 5 5 2 2
3 1 2 7 3 0 3 1 * * 0
3 1 2 7 * 0 0 0 1 0 2
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3 1 2 7 6 0 * * 5 1 *
3 1 2 7 7 C  5 1 1 0  2
3 1  3 0 0 0 5 2 1 0 1
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3 1 3 0 * 0 * 2 5 2 *
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3 1 3 1 5 0 * 3 1 0 5
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1 3 1 3 1 7 0 5 1 5 0 1
3 1 3 2 0 0 0 0 0 0 0
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( 3 1 3 2 2 0 * 7 1 0 1
3 1 3 2 3 C 2 C 0 *  0
3 1 3 2 * C 5 C 1 2 3
c 3 1 3 2 5 0 * 2 5 0 5
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( 3 1 3 * 1 0 5 0 1 2 3
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3 1 3 * 3 0 3 7 5 3 1
3 1 3 * * 0 0 0 0 * 0
7 * * 3 1 3 * 5 0 3 2 2 * 5 s y m e s  :
7 * 5 3 1 3 * 6 0 3 0 2 3 3 p s y c l :
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7 * 7 3 1 3 5 0 0 3 0 0 0 1 c a l p s :
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( 7 1 3 3 1 3 5 2 0 3 2 3 6 2
7 5 C 3 1 3 5 3 0 4 5 7 2 5
7 5 1 3 1 3 5 4 C 3 2 0 5 G
7 5 2 3 1 3 5 5 C 3 2 C 6  7
7 5 3 3 1 3 5 6 C 3 2 1 0 0
7 5« l 3 1 3 5 7 0 0 7 6 1 3
1 7 5 5 3 1 3 6 0 0 3 1 1 3 2
7 5 G 3 1 3 6 1 o o o c c o
7 5 7 3 1 3 6 2 0 0 0 0 0 0
( 7 5  8 3 1 3 6 3 0 0 0 0 0 0
7 5 9 3 1 3 6 4 1 0 2 4 0 0
7 6 0 3 1 3 6 5 0 4 0 1 3 7
{ 7 6 1 3 1 3 6 6 0 4 2 7 6 1
7 6 2 3 1 3 6 7 0 2 0 7 6 4
7 6 3 3 1 3 7 0 0 4 0 7 7 1
7 6« ! 3 1 3 7 1 0 2 2 7 5 5
7 6 5 3 1 3 7 2 1 0 1 0 0 4
7 6 6 3 1 3 7 3 0 0 0 4 0 4
7 6 7 3 1 3 7 4 0 3 0 7 5 1
7 6  8 3 1 3 7 5 0 0 6 0 4 4
7 6 9 3 1 3 7 6 0 0 2 7 5 2
; 7 7 0 3 1 3 7 7 0 3 0 7 5 5
7 7 1 3 1 4 0 0 0 0 6 0 4 4
7 7 2 3 1 4 0 1 0 3 0  7 5  6
i 7 7 3 3 1 4 C 2 0 0 6 0 4 5
T  7  <1 3 1 4 0 3 0 2 0 3 1 6
7 7 5 3 1 4 C 4 1 0 1 0 0 4
( 7 7 6 3 1 4 0 5 0 0 0 4 1 5
7 7 7 3 1 4 C 6 1 0 2 4 0 0
7 7 8 3 1 4 0 7 0 4 0 3 0 6
( 7 7 9 3 1 4 1 0 0 4 0 3 0 7
7 8 C 3 1 4 1 1 0 4  0 7 5  2
7 8 1 3 1 4 1 2 0 4 0 7 5 0
( 7 8 2 3 1 4 1 3 0 0 6 7 3 6
7 8 3 3 1 4 1 4 O O C 7 6 3
7 8 4 3 1 4 1 5 0 3 0 7 4 0
( 7 8 5 3 1 4 1 6 0 0 6 0 4 4
7 8 6 3 1 4 1 7 0 0 6 7 4 1
7 8 7 3 1 4 2 0 0 0 0 7 7 3
( 7 8 8 3 1 4 2 1 C 4 4 1 3 C
7 8 9 3 1 4 2 2 1 0 2 5 2 0
7 9 0 3 1 4 2 3 0 0 6 2 4 5
( 7 9 1 3 1 4 2 4 0 0 2 7 2 4
7 9 2 3 1 4 2 5 0 0 6 0 5 2
7 9 3 3 1 4 2 6 0 2 0 3 1 6
C 7 9 4 3 1 4 2 7 1 2 6  4 O C
7 9 5 3 1 4 3 0 0 4 4 3 1 6
7 9 6 3 1 4 3 1 1 C 1 0 0 4
( 7 9 7 3 1 4 3 2 0 0 0 4 2 5
7 9 8 3 1 4 3 3 0 3 0  7 2  3
7 9 9 3 1 4 3 4 0 0 6 0 4 4
1 8 0 0 3 1 4 3 5 0 0 6 7 1 5
8 0 1 3 1 4 3 6 0 0 0 4  0 3
8 0 2 3 1 4 3 7 D 0 C 4 0 5
(
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L D A 2 . S C A M 3  ¡ N O - C O N T I N U E
W R I T E ¡ " O N - L I N E  G C  P L O T ? "
J S R 3 R E P P L
J M P . ♦ 3  ¡ Y E S
J M P . « 5  ¡ N O
18
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i
(
. H A I N N O V A  C R O S S A S S E M B L E R
L I N E  N O . E R R O R S  L O C V A L U E
B O  3 3 1 4 4 0 0 0 0 7 6 2
B O A 3 1 4 4 1 1 0 2 5 2 0
8 0 5 3 1 4 4 2 0 4 0 7 2 1
B O B 3 1 4 4 3 0 0 6 2 5 7
8 0 7 3 1 4 4 4 0 3 0 6 7 3
8 C 8 3 1 4 4 5 0 0 6 0 4 4
8 0 9 3 1 4 4 6 0 0 6 7 0 4
8 1 C 3 1 4 4 7 0 0 0 4 0 3
8 1 1 3 1 4 5 0 0 0 0 4 C 7
8 1 2 3 1 4 5 1 0 0 0 7 6 2
8 1 3 3 1 4 5 2 1 0 2 5 2 C
8 1  A 3 1 4 5 3 0 4 0 7 0 7
8 1 5 3 1 4 5 4 0 3 0 2 4 1
8 1  6 3 1 4 5 5 0 0 7 C C 0
8 1 7 3 1 4 5 6 0 3 1 4 4 4
8 1  8 3 1 4 5 7 0 0 6 3 0 1
8 1 9 3 1 4 6 0 0 3 0 5 2 5
8 2 0 3 1 4 6 1 0 0 6 0 4 4
8 2 1 3 1 4 6 2 0 0 6 5 2 4
8 2 2 3 1 4 6 3 0 0 6 5 2 4
8 2 3 3 1 4 6 4 0 2 2 5 3 1
8 2  A 3 1 4 6  5 1 0 1 0 0 4
8 2 5 3 1 4 6 6 0 0 6 5 2 6
8 2 6 3 1 4 6 7 0 2 2 5 4 1
8 2 7 3 1 4 7 0 1 0 0 5 1 3
82  e 3 1 4 7 1 0 0 6 5 4 0
8 2 9 3 1 4 7 2 0 0 6 5 1 6
8 3 0 3 1 4 7 3 0 2 2 5 1 6
8 3 1 ' 3 1 4 7 4 0 4 2 5 1 6
8 3 2 3 1 4 7 5 0 C 6 5 1 6
8 3 3 3 1 4 7 6 0 4 1 7 5 5
8 3 A 3 1 4 7 7 0 4 3 7 2 6
8 3 5 3 1 5 0 0 1 0 2 4 0 0
8 3 6 3 1 5 0 1 0 4 2 5 1 5
8 3 7 3 1 5 0 2 0 0 6 5 1 1
8 3 8 3 1 5 0 3 0 4 0 0 0 4
8 3 9 3 1 5 0 4 0 4 1 7 5 6
8 A C 3 1 5 C 5 0 1 2 5 2 3
8 A 1 3 1 5 0 6 0 2 2 5 1 1
8 A 2 3 1 5 0 7 0 3 4 5 0 3
8 4  3  > 3 1 5 1 0 C 2 6 5 2 0
8A A 3 1 5 1 1 1 3 7 0 0 0
8 4 5 3 1 5 1 2 0 4 1 4 0 0
8 A E 3 1 5 1 3 0 3 4  5 0  3
8 4 7 3 1 5 1 4 1 3 7 0 0 0
8 4 8 3 1 5 1 5 1 0 2 4 0 0
8 4 9 3 1 5 1 6 0 4 1 4 0 0
8 5 0 3 1 5 1 7 0 1 2 5 1 1
8 5 1 3 1 5 2 0 0 0 6 5 0 2
8 5 2 3 1 5 2 1 0 4 3 7 2 5
8 5 3 3 1 5 2 2 0 4 1 7 5 5
8 5 4 3 1 5 2 3 0 4 6 6 3 6
8 5 5 3 1 5 2 4 C 4 4 5 C 3
8 5 6 3 1 5 2 5 0 1 0 6 3 4
e n t s c :
PACE 17
INPUT LINE
JMP STAPE
SUBZL 0»0
STA OfGCPT
JSR apccPT
LOA 2.SCME3
WRITE
JSR 8REPPL
JMP .♦3
JMP .♦7
JMP .-1G
SUBZL OtO
STA OtDSPT
LOA 21 PLOT EK
JSR a o .2
. - 1 2
JSR aWBLOK
LD A 2 »SCME2
WRITE
JSR apREDY
JSR 3PSCAN
LD A O f 3PFLGD
SKZER OfO
JSR aPCSCAN
LOA OfapppCT
SKGTZ OfO
JSR 30ERRP
JSR aPCNVT
L D A OfaPMSTA
STA OfaPBBBB
JSR aPREVR
MMMMM
BBBBB+1
SUB O f O
STA OfaPMMMM
JSR SPREVR
IBUF**»
MMMMMU
ISZ apppcT
LDA Of3PMST0
LDA 3rPBBBB
LDA ifapppcT
ADD I f  3
STA OfOf 3
LDA 3fPMMMM
ADD 1.3
SUB OtO
STA 010 t  3
ISZ apppcT
JSR aPFILT
BBBBB
MMMMM
STA I t 3 A V V A L
STA 1.PKAV
ISZ AVVAL
«  A  R R O U
;"DISFLAY?" 
Î YES
; n o
; ARROW
Ï " S T A R T  S C A N "
ï DISK DUMP?
; Y ES
¡ n o
¡PCNT=0?
îYES-ERROR MESSAGE 
¡NO-CONVERT TIMES TO MASSES 
ïGET MASS AO
; REVERSE MASSES FROM M-BUF TO BUFFER
¡SET m o  TO ZERO 
¡REVERSE INTENSITIES FROM 
¡I-BUFFER TO M-BUFFER
¡ G E T  M S T O P
¡ S T O R E  M S T O P  A T  E N O  O F  M A S S  V A L U E S
¡STORE ZERO AS ISTOP
¡MASSES IN BUF1 
¡INTENSITIES IN M-BUFFER
18
3 •MAIN NOVA CROSS ASSCM9LCR VERSION 2.30
L I N E  N O . E R R O R S L O C V A L U E
8 5 7 3 1 5 2 6 0 2 0 6 3 5
8 5  B 3 1 5 2 7 1 0 1 0 0 4
8 5 9 3 1 5 3 0 0 0 6 2 6 1
8 E 0 3 1 5 3 1 0 0 6 4  6  7
8 6 1 3 1 5 3 2 0 1  C l  3  7
8 6 2 3 1 5 3 3 C  2 0 1 3  7
8 G 3 3 1 5 3 4 0 4 2 4 6 7
8 c q 3 1 5 3 5 C 2 0 6 2 5
8 6 5 3 1 5 3 6 1 0 1 0 0 5
8 6 6 3 1 5 3 7 0 0 0 4  C  7
8 6 7 3 1 5 4 0 0 3 0 2 4 1
8 6 8 3 1 5 4 1 C 0 7 0 C 1
8 6 9 3 1 5 4 2 0 0 6 3 0 2
8 7 0 3 1 5 4 3 0 3 0 2 4 1
8 7 1 3 1 5 4 4 0 0 7 0 0 2
8 7 2 3 1 5 4 5 0 0 0 4 1 0
8 7 3 3 1 5 4 6 0 2 4 1 3 7
8 7 4 3 1 5 4 7 0 0 6 0 4 6
8 7 5 3 1 5 5 0 0 0 6 0 5 3
8 7 6 3 1 5 5 1 0 2 4 4 5 6
8 7 7 3 1 5 5 2 0 0 6 0 4 6
8 7 8 3 1 5 5 3 0 0 6  0 5  2
8 7 9 3 1 5 5 4 0 0 6 3 0 2
8 8 C 3 1 5 5 5 0 6 2 4 4 2
8 8 1 3 1 5 5 6 1 0 1 2 2 3
8 8 2 3 1 5 5 7 0 0 0 7 C 3
8 8 3 3 1 5 6 0 0 6 0 4 7 7
8  8 4 3 1 5 6 1 1 0 1 1 2 2
8 8 5 3 1 5 6 2 0 0 0 4 1 0
8 8 6 3 1 5 6 3 1 0 1 1 2 2
8 8 7 3 1 5 6 4 0 0 0 6 7 6
8 8 8 3 1 5 6 5 0 2 0 1 3 6
8 8 9 3 1 5 6 6 0 2 4 1 3 7
8  9 0 3 1 5 6 7 1 0 6 5 1 3
8 9 1 3 1 5 7 0 0 0 0 4 0 2
8 9 2 3 1 5 7 1 0 0 2 4 3 3
8 9 3 3 1 5 7 2 0 0 6 3 0 3 s c o u t :
8 9 4 3 1 5 7 3 C  2 6  4  3  3
8 9 5 3 1 5 7 4 1 2 5 0 0 4
8 9 6 3 1 5 7 5 0 0 2 2 6 0
8 9 7 3 1 5 7 6 0 3 0 4 2 3
8 9 8 3 1 5 7 7 0 0 6 0 4 4
8 9 9 3 1 6 0 0 0 0 6 4 D 4
9 0 0 3 1 6 0 1 0 0 6 4 2 4
9 0 1 3 1 6 0 2 0 0 2 0 7 7
9 0 2 3 1 6 0 3 0 0 2 0 7 7
9 0 3 3 1 6 0 4 0 3 2 3 6 2 P R E P L
9 0  4 3 1 6 C 5 0 3 2 0 5 0 S C M E 2
9 0 5 3 1 6 C 6 0 3 2 4 1 5 P R E D Y
9 0 6 3 1 6 0 7 0 3 0 2 3 4 P S  C  A N
9 0 7 3 1 6 1 0 0 3 0 7 0 7 P C N V T
9 0  8 3 1 6 1 1 0 0 7 6 0 0 P M S T  A
9 0 9 3 1 6 1 2 0 4  3 7 2 5 P B B B B
9 1 0 3 1 6 1 3 0 3 1 6 3 5 P R E V R
(
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INPUT LINE
LOA C.GCPT
SKZER 0.0 ÍGC PLOT REQUIRED ?
JSR a A PLOT 3YES-S/R DRAWS INTENSITY LINE ON GC PLOT
JSR arspzn t NO—S/R TRANSFERS INTENSITY SPECTRUM AND
ISZ SCNT .FILLS IN PASS VALUES WITH ZEROS TO MAKE THE
LDA 0 * S CNT .'SPECTRUM COMPATIBLE WITH QUADNOVA DISPLAY
ST A 0.3PSPN ¡INCREMENT AND STORE SCAN COUNTER
LDA C »  DS PT
SKNEZ O t O ¡ON-LINE DISPLAY REQUIRED ?
J M P . ♦ 7 ; NO
LDA 2 t  PLOT EK ¡ YES
JSR a i  » 2
JSR 3TAPES ¡WRITE SPECTRUM TO DISK
LDA 2.PL0TEK
JSR 32*2
JMP .♦10
LDA 1.SCNT ¡NON-DISPLAY SECTION
NUMOU
TABTY
LDA l.PKAV ¡PRINT SCAN NUMBER ♦ AV PEAK INTENSITY
NUMOU
CARLF
JSR 3TAPES ¡WRITE SPECTRUM TO DISK
DIC □  .MAG
MOVZR O.O.SNC ¡RUN BUTTON SET?
JMP ENTS C *2 ¡YES-CONTINUE SCANNING
READS 0 ¡NO-READ CONSOLE SWITCHES
MOV Z L c.o.szc ¡BIT 0 = 1?-
JMP SCOUT ¡ YES.TERMINATE SCAN
MOV Z L 0.0.SZC ¡NO-BIT 1 = 1 ?
JMP ENTSC»2 ¡YES» PAUSE IN SCANNING
LDA 0.NSCNS ¡NO-CONTINUE SCANNING
LDA 1 *  S CNT
SKGT 0.1 ¡END OF SCANS ?
JMP SCOUT ¡YES
JMP aPENTS ¡NO-CONTINUE SCANNING
JSR aCLOSE ¡THIS SECTION ENDS THE SCAN
LDA 1.SPPGCP
SKZER 1.1 ¡GC PLOT?
JMP 3PEPLT ¡YES FINISH PLOT
LDA 2.SCAM4
WRITE ¡"LIST AV PK INTS?"
JSR 3PREPL
JSR aPLPAV ¡YES-LIST IN COLUMNS OF SIX
JMP aCONTROL ;no or arrow or on return from l pa v* 
JMP iCONTROL » RETURN TO QUADNOVA CONTROL CLI.
REPL 
S MES 2 
REDY 
MAGS C 
CONVT 
ST AM 
BBBBQ 
REVER
18
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HAIN NOVA CROSS ASSEHGLER
i
(
(
i
(
(
i
(
(
(
e
L I N E  N O .  E R R O R S
9 1 1
9 1 2
9 1 3  
9 1  A  
9 1 5  
9 1  E  
9 1 7
9 1  8  
9 1 9  
9 2 C
9 2 1
9 2 2
9 2 3
9 2  A
9 2 5
9 2 6
9 2 7  
9 2  8
9 2 9
9 3 0
9 3 1
9 3 2
9 3 3  
9 3 A
9 3 5
9 3 6
9 3 7
9 3 8
9 3 9  
8 A 0  
9 A 1  
9 A 2  
9 A 3  
9 A A  
9 A 5  
9 A 6  
9 A 7  
9 A 8  
9 A 9
9 5 0
9 5 1
9 5 2
9 5 3  
9 5  A
9 5 5
9 5 6
9 5 7
9 5  8
9 5 9
9 6 0
9 6 1
9 6 2
9 6 3
9 6  A
L O C  V A L U E
3 1 6 1  A  C  3  3 2 1 5
3 1 6 1 5  0 3 0 3 3 7
3 1 6 1 6  C A 1 7 5 5
3 1 6 1 7  C C 7 6 0 1
3 1 6 2 0  C 3 2 3 1 C
3 1 6 2 1  C 3 2 1 1 1
3 1 6 2 2  C 3 1 7 3 3
3 1 6 2 3  O C  7 6 6  0
3 1 6 2 A  G 3 1 A E 3
3 1 6 2 5  0 3 2 A 3 A
3 1 6 2 6  0 3 1 3 6 3
3 1 6 2 7  O O O C O O
3 1 6 3 0  0 3 0 A 1 C
3 1 6 3 1  0 3 C 3 7 1
3 1 6 3 2  0 0 0 0 0 0
3 1 6 3 3  O O C O O O
3 1 6  3 A  0 0 0 0 0 0
3 1 6 3 5  0 2 1 A  C O
3 1 6 3 6  C  2 6  7  7  2
3 1 6 3 7  0 A  A  7  7 3
3 1 6 A  0  1 2 3 0 0 0
3 1 6  A 1  O A C 7 7 2
3 1 6  A  2  0 1 A 7 7 1
3 1 6  A  3  0 2 1  A D I
3 1 6 A A  O A  0 7 7 0
3 1 6 A 5  0 2 2 7 6 6
3 1 6 A 6  0 1 A  7 6 5
3 1 6 A 7  C A 2 7 6 5
3 1 6 5 0  C 1 0 7 6  A
3 1 6 5 1  0 1 A 7 6 1
3 1 6 5 2  0 0 0 7 7 3
3 1 6 5 3  0 0 1 A  0 2
3 1 6 5 A  Q 5 A A 5 6
3 1 6 5 5  0 2 6 7 5 3
3 1 6 5 6  0 A A A A 6
3 1 6 5 7  0 2 6 A  5 0
3 1 6 6 0  0 A A A A 5
3 1 6 6 1  0  2 6  A  A  7
3 1 6 6 2  O A A A A A
3 1 6 6 3  O 2 A A A 0
3 1 6 6 A  1 1 1 0 0 0
3 1 6 6 5  1 2 3 C C C
(
VERSION 2.3C PAGE 19
pdscan:
INPUT LI 
DSCAN
PFLCD: DFLAG
pmmmm: MMMMM
pmsto : STOM
pspzr: SPZER
scamm : SMCAM
pfilt: FILTER
pspn: STSPN
pents: ENTSC«-3
plp av: LPAV
ppgcp: GCPT
pk a V : 0
pppct: PCNT
oerrp: OEROR
ppp: 0
appp : 0
bppp: 0
¡S/R REVER WRITES
¡IN REVERSE ORDER
A SOURCE BUFFER INTO A DEST. BUFFER
¡CALLED BY JSR REVER
i SOURCE BUFFER ADDRESS
9 DESTINATION BUFFER ADDRESS
rever: LD A OtOt 3 ¡GET SOURCE BUFFER ADDRESS
LD A 1 » 8PPPCT
STA 1 # PPP ¡SET PPP = PCNT
ADD 1.0
STA 0*APPP
DSZ APPP ¡APPP POINTS TO END SOURCE
LD A D * 11 3
ST A O.BPPP ¡SET BPPP AS DEST. BUFFER
LD A 0.3APPP
DSZ APPP
STA 0 * 3BPPP ¡WRITE IN REVERSE ORDER
ISZ BPPP
DSZ PPP ¡IS PPP = 0 ?
JMP .-5 ¡NO-ROUND AGAIN
JMP 2,3 ¡YES RETURNS
S/R LOCRF GIVEN APPROX LOCATION OF
A PEAK ¡WITHIN »-1DC. TIME VALUES» 
S/R ACCURATELY LOCATES THAT PEAK. 
TIME FOR APPROX LOCATION PASSED IN AC-0 
ACCURATE TIME RETURNED IN AC-1 
NORMAL RETURN - PEAK NOT FOUND 
-NORMAL EXIT 
LOCRF: STA 3.LRET ¡SAVE RETURN ADDRESS
RETURN ♦ 1
LD A 1.ÍPPPCT
STA 1.CNTP1
LD A 1»8MBUF3
ST A 1.P2MBF
LD A 1.3IBUF3
STA 1 *P2IBF
LD A IiDECR
MOV 0.2
ADD 1,0 ¡AC-D NOU CONTAINS UPK
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(
i
i
(
- H A I N N O V A  C R O S S
L I N E  N O . E R R O R S  L O C
9 6 5 3 1 6 6 6
9 6 6 3 1 6 6 7
9 6 7 3 1 6  7 0
9 6  8 3 1 6 7 1
9 6 9 3 1 6 7 2
9 7 C 3 1 6 7 3
9 7 1 3 1 6 7 4
9 7 2 3 1 6 7 5
9 7 3 3 1 6 7 6
9 7 4 3 1 6 7 7
9 7 5 3 1 7 0 0
9 7 6 3 1 7 0 1
9 7 7 3 1 7 0 2
9 7 8 3 1 7 C 3
9 7 9 3 1 7 0 4
9 8 0 3 1 7 0 5
9 8 1 3 1 7 0 6
9 8 2 3 1 7 0 7
9 8 3 3 1 7 1 0
9 8 4 3 1 7 1 1
9 8 5 3 1 7 1 2
9 8 6 3 1 7 1 3
9 8 7 3 1 7 1 4
9 8 8 3 1 7 1 5
9 8 9 3 1 7 1 6
9 9 0 3 1 7 1 7
9 9 1 3 1 7 2 0
9 9 2 3 1 7 2 1
9 9 3 3 1 7 2 2
9 9 4 3 1 7 2 3
9 9 5 3 1 7 2 4
9 9 6 3 1 7 2 5
9 9 7 3 1 7 2 6
9 9 8 3 1 7 2 7
9 9 9 3 1 7 3 0
1 0 0 0 3 1 7 3 1
1 0 0 1 3 1 7 3 2
1 0 0 2
1 0 0 3
1 0 0 4
1 0 0 5
1 0 0 6
1 0 0 7
I C O  8
1 0 0 9
1 0 1 0 3 1 7 3 3
1 0 1 1 3 1 7 3 4
1 0 1 2 3 1 7 3 5
1 0 1 3 3 1 7 3 6
1 0 1 4 3 1 7 3 7
1 0 1 5 3 1 7 4 0
1 0 1 6 3 1 7 4 1
1 0 1 7 3 1 7 4 2
1 0 1 8 3 1 7 4 3
i
(
A S S E M B L E R
V A L U E  
1 3 2 4 0 0  
0 4 0 4  4  2  
C 2 E 4 3 5  
1 3 2 5 1 3  
0 0 0 4 2 4  
1 2 2 5 1 2  
0 0 2 4 3 6  
0 1 0 4 3 5  
C 3 2 4 3 C  
0 1 4 4 2 5  
C 0 0 4 C 2  
0 0 2 4 3 1  
0 1 0 4 2 4  
0 1 0 4 2 2  
0 3 6 4 2 1  
0 2 0 4 2 4  
1 G 2 5 1 2  
0 0 2 4 2 3  
0 2 2 4 1 6  
1 1 2 5 1 3  
0 0 0 7 6 5  
1 6 5 0 0 0  
1 1 1 0 0 0  
0 0 0 7 6 2  
0 1 0 4 0 7  
C 1 0 4  0  7  
C 1 4 4 C 4  
0 0 0 7 4 7  
0 0 2 4  I C  
0 0 0 1 4 4  00QQCC 
O C O O O C  
000000 
0 4 0 0 0 1  
0 4 0 0 0 0oooooc000000
0 5 4 5 0 2
1 0 2 4 0 0
0 4 0 5 0 1
0 4 0 5 0 1
0 2 1 4 0 0  
0 4 0 5 0 3
0 2 1 4 0 1
0 4 0 5 0 2  
0 2 2 5 0 3
; i O N  2 . 3 D P A G E  2 C
I N P U T L I N E
S U D 1 * 2 ¡ A C - 2  N O W  C O N T A I N S  L P K
S T A 0 . S T U P K ¡ S T O R E  U P P E R  L I M I T
l o c l p : L D A 1  »  3 P 2 M B F ¡ G E T  A  T I M E  V A L U E
S K G T 1 * 2 ¡ I S  T I M E > L P K
J M P L O C L I ¡ N O - G O  R O U N D  A G A I N
S K L E 1 * 0 ; y e s » i s  i t  < = u p k
J M P S L R E T ¡ N O . E R R O R  C O N D I T I O N - P E A K  N O T  F O U N D
I S 2 L R E T ¡ Y E S - F I N D  H I G H E S T  I N T E N  I N  R A N G E
L D A 2 *  S P 2 I B F ¡ G E T  C O R R E S P O N D I N G  I N T E N S I T Y
L 0 C L 2  : D S Z C N T P I ¡ E N D  O F  S P E C T R U M  ?
J M P . ♦ 2 ¡ N O . C O N T I N U E
J M P 3 L R E T ¡ Y E S - T R U C  T I M E  I N  A C - 1
I S Z P 2 I B F ¡ B U M P  U P  P O I N T E R S
I S Z P 2 M B F
L D A 3  »  S P 2 M B F
L D A 0  » S T U P K
S K L E 3 * 0 ¡ I S  P E A K  T I M E  < =  U P K  ?
J M P S L R E T ¡ N O  R E T U R N - T I M E  I N  A C - 1
L D A 0 » a P 2 I B F ¡ Y E S - G E T  C O R R E S P  I N T E N S I T Y
S K G T 0 * 2 ¡ I S  N E W  I > O L D  I ?
J M P L 0 C L 2 ¡ N O  R O U N D  A G A I N
M O V 3 * 1 ¡ Y E S . S W A P  T I M E  » I N T E N S I T Y  V A L U E S
M O V 0 * 2
J M P L 0 C L 2 ¡ R O U N D  A G A I N
L O C L i : I S Z P 2 M B F ¡ I N C R E M E N T  P O I N T E R S
I S Z P 2 I B F
D S Z C N T P I ¡ E N D  O F  S P E C T R U M  ?
J M P L O C L P S N O  »  R O U N D  A G A I N
J M P S L R E T ¡ Y E S . E R R O R  C O N D I T I O N - P E A K  N O T  F O U N D
d e c r : 1 0 0 .
c n t p i : 0
P 2 M B F  r 0
P 2 i b f : 0
M B U F 3  I M B U F
I B U F 3 : I B U F
s t u p k : 0
l r e t : 0
J S / R  F I L T E R  E L I M I N A T E S  M U L T I P L E  P E A K S  W I T H  T H E  S A M E  M A S S  
i V A L U E  B Y  T A K I N G  T H E  H I G H E S T  I N T E N S I T Y  A N D  P U T T I N G  M = 0  
i S O  T H A T  S / R  S P Z E R  W I L L  I G N O R E  T H E M .
*  A L S O  C A L C U L A T E S  T O T A L  I O N  C U R R E N T  ( T O T I C )  A N D  A V E R A G E  
J P E A K  I N T E N S I T Y .
¡ C A L L E D  B Y  J S R  F I L T E R
A D D R E S S  O F  M - B U F F E R  
, *  A D D R E S S  O F  I - B U F F E R
F I L T E R :  S T A  3 . F I R T N  ¡ S A V E  R E T U R N  A D D R E S S0*0
0 . T O T I C
0 » T  O T I C  +  1  ¡ S E T  T O T A L  I O N  C U R R E N T  S U M  =  I  
0 . 0 . 3
O . A P P P F  ¡ S E T  A P P P F  T O  P O I N T  T O  M - B U F F E R  0*1*3
O . B P P P F  ¡ S E T  B P P P F  T O  P O I N T  T O  I - B U F F E R  
O . S P K C N T
S U B  
S T A  
S T A  
L D A  
S T A  
L D A  
S T  A  
L D A
MAIN NOVA CROSS ASSEMPLER VTRSION 2.30
L I N E  N O .  E R R O R S
1 0 1 9
1020  
1021 
1C22 
1 0 2 3  
3  0 2  *1 
1 0 2 5  
102 6 
1 0 2 7
10 2 e
1 0 2 9
1 0 3 0
1 0 3 1  
1 C  3 2  
1 0 3 3  
1 C  3 * »
1 0 3 5  
1 C  3 6  
1 0 3 7  
1 0  3  B
1 0 3 9
1 0 4 0
1 0 4 1
1 0 4 2
1 0 4 3
1 0 4 4
1 0 4 5
1 0 4 6
1 0 4 7
1 0 4 8
1 0 4 9
1 0 5 0
1 0 5 1
1 0 5 2
1 0 5 3
1 0 5 4
1 0 5 5
1 0 5 6
1 0 5 7
1 0 5 8
1 0 5 9
1 0 6 0  
1 0 6 1  
1 0 6 2
1 0 6 3
1 0 6 4
1 0 6 5
1 0 6 6
1 0 6 7
1 0 6 8
1 0 6 9
1 0 7 0
1 0 7 1
1 0 7 2
L O C V  A L U E
3 1 7 4 4 0 4 0 5 0 1
3 1 7 4 5 1 5 2 4 0 0
3 1 7 4 6 1 0 2  4  O C
3 1 7 4 7 0 2 6 4 7 5
3 1 7 5 0 0 0 6 1 0 5
3 1 7 5 1 C 3 2 D 3 6
3 1 7 5 2 0 4 0 4 6 4
3 1 7 5 3 C  4  4  4  6  4
3 1 7 5 4 0 2 2 4 6 7
3 1 7 5 5 1 4 2 4 1 4
3 1 7 5 6 0 0 0 4 3 3
3 1 7 5 7 C  2 6  4  6  5
3 1 7 6 0 0 1 4 4 6 4
3 1 7 6 1 0 2 2 4 6 3
3 1 7 6 2 1 2 2 5 1 3
3 1 7 6 3 1 0  5  0  0  C
3 1 7 6 4 0 4 6 4 6 0
3 1 7 6 5 0 2 4 4 5 7
3 1 7 6 6 0 4 4 4 5 4
3 1 7 6 7 0 1 0 4 5 5
3 1 7 7 0 1 0 2 4 0 0
3 1 7 7 1 0 4 2 4 5 3
3 1 7 7 2 0 4 2 4 5 1
3 1 7 7 3 0 1 0 4 5 0
3 1 7 7 4 0 1 0 4 5 0
3 1 7 7 5 0 1 4 4 5 0
3 1 7 7 6 0 0 0 4 0 2
3 1 7 7 7 0 0 0 4 1 7
3 2 0 0 0 0 2 2 4 4 3
3 2 0 0 1 1 1 2 4 1 4
3 2 0 0 2 0 0 0 7 4 4
3 2 0 0 3 0 2 2 4 4 1
3 2 0 0 4 0 2 6 4 3 6
3 2 0 0 5 1 2 2 5 1 3
3 2 0 0 6 1 0 5 0 0 0
3 2 0 0 7 0 4 6 4 3 3
3 2 0 1 0 0 0 0 7 6 0
3 2 0 1 1 1 1 1 0 0 0
3 2 0 1 2 0 1 0 4 3 1
3 2 0 1 3 0 1 0 4 3 1
3 2 0 1 4 0 1 4 4 3 1
3 2 0 1 5 0 0 0 7 3 1
3 2 0 1 6 0 3 0 4 2 2
3 2 0 1 7 0 2 0 4 1 7
3 2 0 2 0 0 2 4 4 1 7
3 2 0 2 1 0 0 6 1 2 3
3 2 0 2 2 1 5 1 2 2 0
3 2 0 2 3 1 1 2 5 1 3
3 2 0 2 4 0 0 0 4 0 3
3 2 0 2 5 1 5 2 5 2 0
3 2 0 2 6 1 4 7 0 0 0
3 2 0 2 7 1 2 5 1 3 3
3 2 0 3 0 0 0 0 4 0 2
3 2 0 3 1 0 2 4 4 1 6
I N P U T  L  
S T A
S U B
filp: sub
L D  AJSR
T O T I C
S T A
S T A
L D  A
S K E Q
J M P
L D  A
D S  2
L D  A
S K G T
M O V
S T A
L D  A
S T A
I S Z
F I L T I I  S U B  
S T A  
S T A  ISZ 
I S Z  
D S  Z  
J M P  
J M P  
L D  A  
S K E Q  
J M P  
L D  A  
L D  A  
S K G T  
M O V  
S T A  
J M P
F I L T  2  :  M O V
I S Z  
I S Z  
D S Z  
J M P  
L D  A  
L D  A  
L D  A  
J S R  
M O V Z R  
S K G T  
J M P  
S U B Z L  
A O O  
M O V Z L  
J M P  
L D  A
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I N F
0 .  P P P F  J S E T  P P P F  =  P C N T2.2
0 » 0  ¡ C A L C  T O T A L  I O N  C U R R E N T
1 .  a s F P P F  ; a s  d o u b l e  p r e c i s i o n  s u m
a o s u M
O f T O T I C  
1 » T  O T I C ♦ 1
0  »  8 A  P P P F  ; g e t  m a s s  v a l u e
2 . 0  ;is M A S S  =  P R E V I O U S  M A S S  ?
F I L T 2  . * N 0
1.8BPPPF ; y e s - g e t  i n t e n s i t y  
BPPPF ¡ E Q U A L  M A S S E S  
O.aBPPPF ¡ L O A D  P R E V  I N T E N S
1 . 0  ¡ I S  C U R R E N T  I > P R E V I O U S  I ?
0 .  1  ¡ R E P L A C E  C U R R E N T  I  W I T H  P R E V I O U S  I
1 .  aapppF
1 » B P P P F
l . B S T R  ¡ R E T A I N  P R E V  A D D R  
B P P P F  ¡ R E S T O R E  B U F F E R  P O I N T E R
O .  0  ¡ S T O R E  Z E R O  I N  I S M  B U F F E R  L O C A T I O N S
P .  a B r P P F
0 . 2 A P P P F
A P P P F ¡ B U M P  U P  P O I N T E R S
B P P P F
P P P F ¡ E N D  O F  S P E C T R U M  ?
. ♦ 2 ;  N O
F I L T 2 + 5 ¡ Y E S - E X I T
0 . 3 A P P P F ¡ L O A D  C U R R E N T  M A S S
0 . 2 ¡ A R E  M A S S E S  E Q U A L  ?
F I L P ¡ N O N  E Q U A L  M A S S E S - R O U N D A G A I N
D . a B P P P F  
1  »  3 B S T R
¡ E Q U A L  M A S S E S
1 . 0 ¡ I S  C U R R E N T  I > O R I G  I
0 . 1 ¡ N O . R E P L A C E
l . a B S T R ¡ Y E S  S T O R E  S U M  A T  O R I G L O C
F I L T 1 ¡ G O  R O U N D  E Q U A L  M A S S E S L O O P  A G A I N
0 . 2 ¡ N O N - E Q U A L  M A S S E S
A P P P F
B P P P F
¡ B U M P  U P  P O I N T E R S
P P P F ¡ E N D  O F  S P E C T R U M  ?
F I L P ¡ N O - R O U N D  A G A I N
2 • F A C T  N  
O . T O T I C
¡ Y E S - E X I T  S E C T I O N
1  . T O T  I C » 1
aoiviD ¡ C A L C U L A T E  A V  P E A K  I N T E N S
2 . 2 ¡ A S  T O T A L  I O N  C U R R E N T / 1 0 0
0 . 2 .
.♦3
2.2
2.1
m .l.SNC .♦2 
1 » MAX
18
7 . M A I N N O V A  C R O S S A S S E M R L C R
LINE NO. FRRORS LOC V  A L U E
1 1 0 7 3 3 2 0 3 2 0 1 6 1 0 7
1 0 7 1 3 2 0 3 3 0 3 1 1 C 2
1 C 7 5 3 2 0 3 1 0 0 1 1 0 2
1 0 7 6 3 2 0 3 5 ococco
1 C 7 7 3 2 0 3 6 0 0 D 0 0 C
1 T  7  fi 3 2 0 3 7 ccccoc
( 1 0 7 9 3 2 0 1 0 0 0 0 1 1 1
1 D B C 3 2 0 1 1 O C  7 6 6  1
1 0 8 1 3 2 0 1 2 oooocc
( 1 0 8 2 3 2 0 1 3 0 0 0 0 0 0
1 0 8 3 3 2 0 1 1 O O O D D C
1 0  8 1 3 2 0 1 5 ococoo
( ' 1 0 8 5 3 2 0 1 6 0 3 0 1 1 0
1 0 8 6 3 2 0 1 7 0 7 7 7 7 7
1 0 8 7 3 2 0 5 0 0 5 2 1 2 3
' 3 2 0 5 1 0 5 1 1 0 1
3 2 0 5 2 0 2 0 1 2 1
3 2 0 5 3 0 1 1 5 2 3
K 3 2 0 5 1 0 1 7 1  D I
3 2 0 5 5 0 0 0 0 0 0
1 0 8 8 3 2 0 5 6 0 1 7 1 0 5
i 3 2 0 5  7 0 1 2 5 2 1
3 2 0 6 0 0 2 0 1 2 2
3 2 C E 1 0 1 1 5 0 6
( 3 2 0 6 2 0 1 2 5 1 1
3 2 0 6 3 0 1 7 0 1 0
3 2 0 6 1 0 1 6 5 0 1
t 3 2 0 6 5 C  2 0 1 0  5
3 2 0 6 6 QQOOOO
1 0 8 9 3 2 0 6 7 0 5 2 5 1 6
V 3 2 0 7 0 0 1 1 1 1 5
3 2 0 7 1 0 5 1 1 0 5
3 2 0 7 2 0 1 7 1 1 0
( 3 2 0 7 3 0 2 0 1 0 6
3 2 0 7 1 0 1 1 5 2 3
3 2 0 7 5 0 1 7 1 0 1
( 3 2 0 7 6 0 2 0 1 2 3
3 2 0 7 7 0 0 0 0 7 5
1 0 9 0 3 2 1 0 0 0 1 7 1 1 7
(. 3 2 1 0 1 0 1 6 0 5 5
3 2 1 0 2 0 1 7 1 1 1
3 2 1 0 3 0 2 0 1 0 5
( 3 2 1 0 1
0 1 1 5 0 7
3 2 1 0 5 Q 5 Q C 1 Q
3 2 1 0 6 0 1 7 5 1 1
3 2 1 0 7 0 2 0 1 2 1
3 2 1 1 0 0 0 0 0 7 7
1 0 9 1 3 2 1 1 1 0 1 1 5 1 1
( 3 2 1 1 2 0 5 2 1 2 3
3 2 1 1 3 C 1 0 1 1 0
3 2 1 1 1 0 1 2 5 2 6
( 3 2 1 1 5 0 2 0 1 2 2
3 2 1 1 6 C I  5  5  2 0
3 2 1 1 7 0 1 1 1 1 0
l
PAGE 22rRSION 2.30
F I R T N  :
I N P U T  L I N E  
S T A  1 . 3 P S T P A  
L D A  3  »  F I R T N  
J M P  2  t  3
0
t o t i c : C
f a c t n :
C
1 0 0 .
P S  T  p a  : S T P A V
b s t r : 0
a p p p f : 0
b p p p f : 0
p p p f  : c
p k c n t : P C  N T
m a x  : 7 7 7 7 7
S M E S 2 : •  T X T  » S T A R T  S C A N *
•  S T  O R E  A V E R A G E  P E A K  I N T E N S I T Y  
¡ R E T U R N  * 2
S I  C A M T X T  » E N T E R  F I L E  N A M E  •
S 2 C A M T X T  « N U M B E R  O F  S C A N S
S 3 C A M T X T *  O N - L I N E  G C P L O T  ? •
S*t C AM TXT *LIST AVER PK INTS ?•
18
8 . M A I N N O V A  C R O S S A S S E M B L E R
L I N T  N O . T R R O R S  L O C V A L U E
3 2 1 2 0 0 5 2 1 1 6
3 2 1 2 1 0 2 0 1 2 3
3 2 1 2 2 0 0 0 0 7 7
1 C  9 2 3 2 1 2 3 0 1 2 5 2 2
3  Z 1  2  *1 C 2 0 1 0 6
3 2 1 2 5 0 1 2 5 2 0
3 2 1 2 6 C 1 5 5 0 1
3 2 1 2 7 0 1 7 0 1 0
3 2 1 3 0 0 5 2 1 1 7
3 2 1 3 1 0 1 3 0 1 C
3 2 1 3 2 0 5 2 5 1 7
3 2 1 3 3 0 1 2 1 1 C
3 2 1 3 1 0 1 1 1 5 5
3 2 1 3 5 C 1 1 5 1 S
3 2 1  3 G 0 1 2 5 2 2
3 2 1 3 7 C 5 1 5 0 1
3 2 1  < < 0 0 2 0 1 0 5
3 2 1  A  1 0 1 0 5 0 7
3 2 1  4  2 0 1 7 1 1 1
3 2 1  * 1  3 0 2 0 0 1 0
3  2 1  * 4 * 1 0 0 0 0 0 0
1 0 9 3 3 2 1 1 5 0 1 7 5 1 6
3 2 1 1 6 0 5 0 0 1 0
3 2 1 1 7 0 1 0 5 0 5
3 2 1 5 0 0 5 1 5 1 3
3 2 1 5 1 ' 0 1 3 0 1 0
3 2 1 5 2 0 5 2 5 1 7
3 2 1 5 3 0 1 2 1 1 C
3 2 1 5 1 0 1 1 1 5 5
3 2 1 5 5 0 1 2 5 1 0
3 2 1 5 6 0 1 5 5 0 3
3 2 1 5 7 0 1 7 1 1 0
3 2 1 6 0 0 1 2 5 2 0
3 2 1 6 1 0 1 0 5 2 2
3 2 1 6 2 0 1 7 5 2 1
3 2 1 6 3 0 2 0 1 2 2
3 2 1 6 1 0 0 0 0 0 0
I O S A 3 2 1 6 5 0 5 1 5 2 1
3 2 1 6 6 0 1 2 5 2 0
3 2 1 6 7 0 2 3 1 1 0
3 2 1 7 0 0 2 3 5 2 2
3 2 1 7 1 0 5 3 1 1 0
3 2 1 7 2 0 1 2 5 1 0
3 2 1 7 3 0 2 0 1 1 6
3 2 1 7 1 0 1 2 5 2 2
3 2 1 7 5 0 1 2 1 0 1
3 2 1 7 6 0 2 0 1 3 1
3 2 1 7 7 c o o o o o
1 0 9 5 3 2 2 0 0 0 2 0 0 1 0
3 2 2 0 1 0 1 0 5 0 3
3 2 2 0 2 0 1 1 5 1 1
3 2 2 0 3 0 5 1 1 0 2
3 2 2 0 1 0 5 2 1 0 1
3 2 2 0 5 0 1 7 5 1 1
(
VFRSION 2-30 PAGE 23
INPUT LINE
S5CAM: -T XT »REF PEAK NOT FOUND-INCREASE GAIN
OMESi: -T XT• NO PEAKS FOUND-CHECK OPERATOR *
m i c a l : -t x t »t y p e  *r * w h e n  r e a d y  •
C A L M I TXT» CALIBRATION TABLE»
18
9 - M R I N  N O V  A C R O S S  A S S E M B L E R
L I N E  N O . E R R O R S  L O C V A L U E
3 2 2 0 6 0 2 0 1 1 6
3 2 2 0 7 0 5  2 0 4  C
3 2 2 1 0 C 4 1 1 C 1
3 2 2 1 1 0 4 2 5 1 4
3 2 2 1 2 D O O O O O
1  c S C 3 2 2 1 3 0 5 1 1 0 5
( 3 2 2 1 M 0 4 7 5 2 2
3 2 2 1 5 0 2 0 1 2 2
3 2 2 1 6 0 4  0 5 1 C
' 3 2 2 1 7 C  5  2  1 1  4
3 2 2 2 0 0 2 0 4 4 1
3 2 2 2 1 C O O O O C
1 D 9 7 3 2 2 2 2 0 2 0 0 4 0
3 2 2 2 3 0 4 6 4 4 0
3 2 2 2 * 1 0 5 1 5 0 1
3 2 2 2 5 C 2 C 1 2 3
3 2 2 2 6 C 2 0 0 4 0
3 2 2 2 7 0 4 1 4 4 0
' 3 2 2 3 0 0 5 2 5 1 7
3 2 2 3 1 0 5 2 1 1 G
3 2 2 3 2 0 2 0 1 2 3
( 3 2 2 3 3 0 2 C 0 4 0
3 2 2 3 * » 0 4 4 4 4 0
3 2 2 3 5 0 5 2 1 1 6
r 3 2 2  3 6 0 4 7 1 0 5
3 2 2 3 7 0 2 0 1 2 3
3 2 2 * 1 0 0 2 0 0 4 0
C 3 2 2 * 1 1 0 5 1 4 4 0
3 2 2  * 1 2 0 4 7 5 1 4
3 2 2 * »  3 0 4 2 5 2 0
v 3 2 2 * » * ! o o cooo
1 0 9 8 3 2 2 4  5 0 5 4 5 2 3
3 2 2 4 6 0 5 2 1 2 3
( 3 2 2 4 7 0 4 6 5 0 5
3 2 2 5 0 0 2 0 0 4 0
3 2 2 5 1 0 4 7 1 2 5
( 3 2 2 5 2 0 4 0 5 0 3
3 2 2 5 3 0 4 4 5 1 4
3 2 2 5 4 0 5 1 1 0 2
( 3 2 2 5 5 0 5 2 1 0 1
3 2 2 5 6 0 4 2 1 0 5
3 2 2 5 7 0 2 0 4 4 1
( 3 2 2 6 0 0 0 0 0 0 0
1 0 9 9 3 2 2 6 1 0 5 3 1 1 7
3 2 2 6 2 0 5 1 1 0 5
, 3 2 2 6 3 0 4 7 5 1 4
3 2 2 6 4 0 4 2 1 0 1
3 2 2 6 5 0 5 1 0 5 5
i 3 2 2 6 6 0 4 2 1 0 5
3 2 2 6 7 0 4 1 5 2 5
3 2 2 7 0 0 2 C 1 0 5
( 3 2 2 7 1 0 4 0 5 0 7
3 2 2 7 2 0 4 7 1 1 1
3 2 2 7 3 0 2 0 4 4 1
(
V R E I O N  2.3C PACE 2 H
E R M I  :
c a l m o :
M G S Y S :
MGSSY :
I N P U T  L I N E
•  T X T  « E R R O R  H A L T  Ï ! •
. T X T *  M A S S  C O U N T S  I N T E N S
•  T X T  « S Y S T E M  U N C A L I B R A T E D ! ! *
• TXT *OVERLOAD-REDUCE GAIN!!*
S L O P E *
19
0 . M A I N N O V A  C R O S S A S S E M B L E R
L I N E  N O . E R R O R S  L O C V A L U E
3 2 2 7 1 O O O C O C
H O C 3 2 2 7 5 0 1 6  I C C
3 2 2 7 6 C 1 0 5 1 7
3 2 2 7 7 C 1 1  5  2 1
3 2 3 0 0 0 1 3 5 1 6
3 2 3 0 1 0  5  O D I C
( 3 2 3 0 2 0 1 1 5 1 7
3 2 3 0 3 C 5 2 1 1 C
3 2 3 0 1 0 1 2 1 1 0
( 3 2 3 0 5 0 5 1 1 2 2
3 2 3 0 6 0 5 1 1 1 7
3 2 3 0 7 0 0 0 0 0 0
1 1 0 1  
1 1 0 2  
1 1 0 3  
1 1 0 « »  
1 1 0 5  
1 1 0  E 3 2 3 1 0 0 5 1 1 1 3
1 1 0 7 3 2 3 1 1 0 2 2 1 1 3
l i c e 3 2 3 1 2 0 1 0 1 3 7
1 1 0 ? 3 2 3 1 3 0 2 0 1 1 3
Ilio 3 2 3 1 1 0 1 0 1 1 1
1 1 1 1 3 2 3 1 5 0 2 2 1 1 2
1 1 1 2 3 2 3 1 6 0 1 0 1 3 1
1 1 1 3 3 2 3 1 7 0 2 2 1 1 2
1 1 1  <1 3 2 3 2 0 0 1 0 1 1 0
1 1 1 5 3 2 3 2 1 0 2 2 1 3 7
( 1 1 1 6 3 2 3 2 2 1 1 1 0 0 0
1 1 1 7 3 2 3 2 3 0 2 6 1 2 7
1 1 1 8 3 2 3 2 1 1 7 6 1 0 0
{ 1 1 1 2 3 2 3 2 5 0 1 6 1 3 0
1 1 2 0 3 2 3 2 6 0 1 1 1 2 3
1 1 2 1 3 2 3 2 7 0 0 0 1 0 2
r 1 1 2 2 3 2 3 3 0 0 0 2 1 2 3
1 1 2 3 3 2 3 3 1 0 1 0 1 2 1
1 1 2 * » 3 2 3 3 2 0 1 0 1 2 6
( 1 1 2 5 3 2 3 3 3 0 2 2 1 2 5
1 1 2 6 3 2 3 3 1 1 0 1 0 0 5
1 1 2 7 3 2 3 3 5 0 0 0 7 7 1
c 1 1 2 8 3 2 3 3 6 0 2 6 1 1 1
1 1 2 9 3 2 3 3 7 1 5 1 1 0 0
1 1 3 0 3 2 3 1 0 0 3 1 1 0 7
e 1 1 3 1 3 2 3 1 1 1 5 6 5 1 2
1 1 3 2 3 2 3 1 2 0 0 2 1 1 1
1 1 3 3 3 2 3 1 3 1 7 6 1 0 0
( 1 1 3 1 3 2 3 1 1 0 1 0 1 1 1
1 1 3 5 3 2 3 1 5 1 1 2 1 1 5
1 1 3 6 3 2 3 1 6 0 0 0 7 5 7
1 1 3 7 3 2 3 1 7 0 5 6 1 0 6
1 1 3 8 3 2 3 5 0 C C 0 7 6 7
1 1 3 9 3 2 3 5 1 0 0 0 0 0 0
1 1 A C 3 2 3 5 2 0 0 0 0 0 0
1 1 1 1 3 2 3 5 3 0 0 0 0 0 0
1 1 * 1 2 3 2 3 5 1 0 3 0 1 1 0
<
I N P U T  L I N C
M G S Y Y :  . T X T « F L O A T I N G  P O I N T  E R R O R *
/rRSION 2.3D PAGE 25
• SUBROUTINE SPZER IS USED TO TRANSFER A 
i MAGNOV A SPECTRUM TO THE QUADNOVA A-BUFFER 
¡AND MAKE IT COMPATIBLE WITH THE QUADNOVA 
¡DISPLAY AND FETCH ROUTINES BY FILLING IN 
¡MISSING MASS VALUES WITH ZERO INTENSITIES
s p z e r : S T A 3  » S P R E T ¡ S A V E  R E T U R N A D D R E S S
L D A D » 3 P 2 C N T
S T A D . M P C N T ¡ S E T  P O I N T E R S A N D  C O U N T E R S
L D A 0 ,  A B U F F
S T A D » A S E T
L D A 0  f  3 B B U F F
S T A O t B S E T
L D A D » 3 C B U F F
S T A O . M P O N T
L D A O t  3 M P 0 N T
M O V D  »  2
L D A 1 . 3 B S E T
S U B 3 , 3
s p e c t : S T A 1  » 3 A S E T
D S Z M P C N T ¡ E N D  O F  S P E C T R U M ?
J M P . ♦ 2 ¡  N O
J M P 3 S P R E T ¡ Y E S - E X I T
I S Z B S E T
I S Z M P O N T
L D A 0 t 3 M P 0 N T
S K N E Z 0 « 0
J M P . - 7
L D A 1 . 3 B S E T
I N C 2 * 2
L D A 3  »  S T  O P M
S K L E 2 , 3 ; m a s s > m s t o p ?
J M P 3 S P R E T ¡ Y E S - E X I T
S U B 3 . 3 ;  n o
I S Z A S E T
S K N E Q 2  *  C
J M P S P E C T
S T A 3 «  3 A S E T
J M P . - 1 1
m p c n t : □
b s e t  : 0
s p r e t : 0
P 2 C N T : P C N T
19
1 .MAIN NOVA CROSS ASSEM2LER
LINE NO. FRRORS LOC V ALUr
1 1 4  3 3 2 3 5 5 o o o o c c
1144 3 2 3 5 6 CC7662
1 1 4 5 3 2 3 5 7 0 4 0 0 0 1
114 6 3 2 3 6 0 c o c o o o
1 1 4 7 32361 0 4 0 0 0 2
114 8
1 1 4 2
115C
11 5 1 3 2 3 6 2 0 5 4 4 2 4
1 1 5 2 3 2 3 6 3 0 0 6 0 4 0
1 1 5 3 3 2 3 6 4 0 4 0 4 2 3
11 5 4 3 2 3 6 5 00 6 04 C
1 1 5 5 3 2 3 6 6 C24424
115E 3 2 3 6 7 1 2 2 4 1 4
1 1 5 7 3 2 3 7 0 0 0 0 7 7 5
1 1 5 8 3 2 3 7 1 0 2 0 4 1 6
1 1 5 9 3 2 3 7 2 0 2 4 4 1 3
1 1 6 0 3 2 3 7 3 1 2 2 4 1 5
1161 3 2 3 7 4 0 0 2 0  77
1 1 6 2 3 2 3 7 5 0 2 4 4 1 3
1 1 6 3 3 2 3 7 6 0 3 4 4 1 0
11 64 3 2 3 7 7 1 2 2 4 1 5
1 1 6 5 3 2 4 0 0 0 0 1 4  OC
1 1 6 6 ' 3 2 4 0 1 0 2 4 4 1 0
1 1 6 7 3 2 4 0 2 1 2 2 4 1 4
1 16 8 3 2 4 0 3 0 0 1 4 0 1
1 1 6 9 3 2 4 0 4 0 0 1 4 0 2
1 1 7 0 3 2 4 0 5 0 0 0 0 5 7
1 1 7 1 3 2 4 0 6 OOODDD
1 1 7 2 3 2 4 0 7 o o o o o c
1 1 7 3 3 2 4 1 0 0 0 0 1 3 1
11 7 4 3 2 4 1 1 0 0 0 1 3 6
1 1 7 5 3 2 4 1 2 0 0 0 0 1 5
1 1 7 6 3 2 4 1 3 0 3 1 5 7 2
1 1 7 7 3 2 4 1 4 0 0 0 0 4 4
1 1 7 8
1 1 7 9
11 8 0
1 1 8 1
11 8 2
1 1 8 3
1184 3 2 4 1 5 0 5 4 4 1 6
1 1 8 5 3 2 4 1 6 0 3 0 4 1 4
1 1 8 6 3 2 4 1 7 0 0 6 0 4 4
1 1 8 7 3 2 4 2 0 0 0 6 0 5 2
1 1 8 8 3 2 4 2 1 0 0 6 0 4 0
1 1 8 9 3 2 4 2 2 0 2 4 7 6 3
1 1 9 0 3 2 4 2 3 1 2 2 4 1 5
1191 3 2 4 2 4 0 0 2 0 7 7
1 1 9 2 3 2 4 2 5 0 2 4 7 6 7
1 1 9 3 3 2 4 2 6 1 2 2 4 1 5
1194 3 2 4 2 7 0 0 2 7 6 4
1 1 9 5 3 2 4 3 0 0 0 6 0 5 2
1 1 9 6 3 2 4 3 1 0 0 2 4 0 2
e
VERSION 2.30 PAGE 26
INPUT LINE 
a s e t :  0
a b u f f :  b b d a t a
b b u f f :  m b u f
m p o n t :  c
c b u f f :  b u f i
¡ S U B R O U T I N E  R E P L C H E C K S I N P U T  F R O M  T H E
¡ C O N S O L E  D E V I C E F O R  Y E S / N O  R E S P O N S E S .  I T  A L S O
¡ A L L O W S  F O R  /  A N D  A R R O W R E S P O N S E S .
r e p l : S T A 3 .  R O T N ¡ S A V E  R E T U R N  A D D R E S S
R E A D T
S T A 0 * C H A R
R F  A D T
L D A 1  »  C R
S K E Q 1  » C ¡ I S  2 N D  C H A R  C A R  R E T ?
J M P . - 3 ¡ N O - G E T  N E X T  CHAR
L D A 0  »  C H A R ¡ Y E S - C O N T I N U E
L D A 1 f S L S H
S K N E Q 1 * 0 ¡ I S  1 S T  C H A R  /  ?
J M P a C O N T R O L  ¡ Y E S - R E T U R N  T O  Q U A D N O V A  C O N T R O L
L D A 1  » A S C Y ¡ N O
L D A 3  »  R O T  N
S K N E Q 1  » C ¡ I S  C H A R  A  Y ?
J M P 0 * 3 *  Y  E S - R E T U R N * 1
L D A 1 » A R O U ¡ N O
S K E Q 1 * 0 ¡ I S  C H A R  AN A R R O W ?
J M P 1.3 ¡ N O - R E T U R N + 2
J M P 2 * 3 ¡ Y E S - R E T U R N * 3
s l s h : -/
r o t n :  c
c h a r :  o
a s c y :  - y
AROW: 136
c r :  i s
o u t s c :  S C O U T
d o l a r :  " $
; s u b r o u t i n e  r e d y
» T H I S  S / R  T Y P E S  M E S S A G E  
. ' " T Y P E  * R  •  W H E N  R E A D Y "
» ' A N D  C H E C K S  R E S P O N S E  » I F  R E S P O N S E  I S :
»• S - T E R M I N A T E S  M A G N O V A  S C A N  S E R I E S
;  / - R E T U R N S  T O  Q U A D N O V A  C O N T R O L
r e d y :  S T A
L D A  
W R I T E  
C A R L F  
R E A D T  
L D A  
S K N E Q  
J M P  
L D A  
S K N E Q  
J M P  
C A R L F  
J M P
3 » Y R E T  ¡ S A V E  R E T U R N  A D D R E S S  
2 . R M E S 1
¡ " T Y P E  r R  *  W H E N  R E A D Y "
1 .  S  L S  H
1 . 0  ¡ I S  C H A R  A / ?
a C O N T R O L  • Y E S — R E T U R N  T O  C O N T R O L  
1 » D O L A R
1 * 0  ¡ I S  CHAR A $?
8 0 U T S C  ¡ Y E S - T E R M I N A T E  M A G N O V A  S C A N  
¡ N O
3 Y R E T  ¡ R E T U R N
19
2 . M A I N NOVA CROSS ASSEM5LER
LINE NO. ERRORS LOC V ALUE
1197 32432 032165
11 9B 32433 o o o c c c
1199
1 ZOO
1 201 32434 054447
1202 32435 C 224 4 7
i 1202 32436 040447
12C4 32437 126520
1205 32440 044446
( 1206 32441 026446
1207 32442 C 4 4 4 4 6
120 8 32443 010445
1 1209 32444 024445
1210 32445 044445
1211 32446 024 4 4 C
1212 32447 0 224 4 C
1213 32450 122513
121*1 32451 00604 C
1215 32452 010434
1216 32453 014437
1217 32454 000402
' 121 8 32455 CC04C3
1219 32456 006053
1220 32457 OCC767
( 1221 32460 006052
1222 32461 024430
1223 32462 044430
( 1224 32463 C 14 4 2 5
1225 32464 000402
1226 32465 Q0C414
( 1227 32466 026417
1228 32467 006046
1229 32470 010415
( 1230 32471 014421
1231 32472 Q0C4C2
1232 32473 000403
( 1233 32474 006053
1234 32475 000766
1235 32476 006052
r. 1236 32477 0C6052
1237 32500 000744
1238 32501 006052
( 1239 32502 002401
1240 32503 000000
1241 32504 031353
( 1242 325C5 000000
1243 32506 QQOOQC
1244 32507 000137
( 1245 32510 000000
1246 32511 000006
1247 32512 000000
( 1248
1249
1250
(
\
V TR S ION 2.3D PAGE 27
i n p u t L I N E
R M E S 1 : M l  C A L
YRFT : C
¡ S / R  L P A V  L I S T S  A V E R A G E P E A K I N T E N S I T I E S I N  R O W S  O F
¡ N U M B E R S T H U S P E R M I T T I N G M O R E R A T I D  T Y P E - O U T  O R  D I S P L
l p a v : S T A 3 . L P R T N ¡ S A V E R E T U R N  A D D R E S S
LD A C . i P A V B U
S T A 0 .  A V P T ¡ S E T P O I N T E R S  A N D C O U N T E R S
S U B 2 L 1  »  1
S T A 1 t  N U M M
L D A 1  . Q P S C N T
S T A I t C N T S C
I S Z C N T S C
l p e n t : L D A 1  . S I X
S T A . 1  . C N T N
L D A 1 . N U M M
L O  A O . a P S C N T
S K G T 1 . 0
N U M O U
I S Z N U M M
O S  z C N T N ¡ E N D O F  L I N E
J M P . ♦ 2 ;  no
J K P . ♦ 3 ;  Y E S
T A B T Y
J M P . - 1 1
c a r l f
L D A l . S I X
S T A 1 . C N T N
L E N T  2  : D S Z C N T S C ¡ E N D O F  S P E C T R U M
J M P m + 2 ¡  N O
J M P •  ♦  1  A ¡ Y E S E X I T
L D A 1 . a A V P T
N U M O U
I S Z A V P T
D S Z C N T N ¡ E N D O F  L I N E ?
J M P . ♦ 2 ¡ N O
J M P . ♦ 3 ¡ Y E S
T A B T Y
J M P L E N T  2
C A R L F
C A R L F
J M P L P E N T ¡ N E W M A S S  L I N E
C A R L F
J M P a L P R T N ¡ R E T U R N
L P R T N  I D
p a v b u : A V B U F
A  V P T  : 0
n u m m : 0
p s c n t : S C N T
c n t s c : 0
six: S
c n t n : c
¡ S / R  A U T O C  L O C A T E S  T I M E  F O R  M A S S  E 9  
¡ A N D  2 1 9  P E A K S  B Y  S E A R C H I N G  T H E  I N T E N S I T Y  
¡ B U F F E R  A N D  R E T U R N S  T H E M  I N
MAIM NOVA CROSS ASSEM9LCR VERSION 2.3D
L I N E  N O .  E R R O R S
1251
1252
1253 
12 5 A 
1255 
125E
1257
1258
12591260 
1261 
1262 
1263 12 6 A
1265
1266
1267
1268
1269
1270
1271
1272
1273 
127A
1275
1276
1277
1278
1279
1280 
1281 
1282 
1283 
12 BA
1285
1286 
1287 
1268
1289
1290
1291
1292
1293 
129A
1295
1296
1297
1298
1299
1300
1301
1302
1303 
130A
LOC V ALUT
32513 C54535
32 51 A 050552
32515 C04470
32516 040534
32517 C5053C
32520 C21000
32521 024526
32522 122513
32523 000520
32524 004513
32525 C0446C
32526 040525
32527 050527
32530 004507
32531 004454
32532 040522
32533 050524
32534 030521
32535 004502
32536 030520
32537 0045C0
32540 020512
32541 024512
32542 03D512
3254 3 106513
32544 000414
32545 132512
32546 000423
32547 044505
32550 050503
32551 131000
32552 024504
32553 C34504
32554 054502
32555 044502
32556 024475
32557 000764
32560 040473
32561 044471
32562 105000
32563 0204 72
32564 034472
32565 040471
32566 054467
32567 020463
32570 000753
32571 034475
32572 041441
32573 045443
32574 051445
32575 17100C
32576 022457
32577 041060
I N P U T
; a c - o  a n d  a c - 1
A U T O C :  S T A
S T  A  
J S R  
S T A  
S T A  
L D  A  
L D  A  
S K G T  
J M P  
J S R  
J S R  
S T A  
S T A  
J S R  
J S R  
S T A  
S T A  
L D  A  
J S R  
L D  A  
J S R  
L D  A  
L D  A  
L D  A
a b e n t :  S K G T
J M P  
S K L E  
J M P  
S T A  
S T A  
M O V  
L D  A  
L D A  
S T A  
S T A  
L D A  
J M P  
S T A  
S T A  
M O V  
L D A  
L D A  
S T A  
S T A  
L D A  
J M P
A C E N T I  L D A  
S T A  
S T A  
S T A  
M O V  
L D A  
S T A
PAGE 28
LINE
RESPECTIVELY.
3 » AUTRT {SAVE RETURN ADORESS
2 . S T R 2  
F I N D H  
C t  H I N T  1  
2 . I L 0 C 1  
O f  O f  2  
1 f M X I N T  
1  f C
P K E Q U
» L O C A T E  H I G H E S T  I N T E N S I T Y
. ' S T O R E  T I M E  V A L U E  A N D  I - B U F F E R  L O C A T I O N
H I N E G  
F I N D H  
O f  H I N T  2  
2  f I L 0 C 2
• N E G A T E  I N T E N S I T Y  V A L U E  
» F I N D  N E X T  H I G H E S T  I N T E N S I T Y
H I N E G  
F I N D H  
O f  H I N T  3  
2  f  I L O C  3  
2 f I L 0 C 1
; n e g a t e  i n t e n s i t y  v a l u e
¡ F I N D  N E X T  H I G H E S T  I N T E N S I T Y  V A L U E
H I N E G  
2  f I L 0 C 2
. ' R E S T O R E  1 S T  I N T E N S I T Y
H I N E G  
O f H I N T 1  
1 f  H I N T  2  
2  f  H I N T  3  
O f  I  
. ♦ 1 1  
1 . 2  
A C E N T  
1 f H I N T  3
2  f  H I N T  2
1  f  2
1 t I L 0 C 2
3  r I L C C 3  
3 f I L 0 C 2  
I f I L 0 C 3
¡ R E S T O R E  2 N D  I N T E N S I T Y  
Í T 1  
¡  T 2  
¡ T 3
¡ T 1 > T 2 ?
. ' N O
¡ Y  E S , T 2 > T 3 ?  
. ' Y E S - C O N T I N U E  
. '  N O
I f H I N T 2  
A B E N T
; A C 2 = T 3
O f  H I N T  2  
1 1  H I N T  1  
O f  1
O f I L O C I  
3  f I L 0 C 2  
0  f I L 0 C 2  
3 1 I L 0 C 1
¡ T 1 C T 2
O f H I N T 1  
A B E N T  
3  f S T  R 2
¡ A C 1 - T 2
0 . 4 1 . 3  
1 , 4 3 , 3  
2  f  1 5  f  3  
3 , 2
¡ S T O R E  T I M E S  F O R  
» R E F  G A S  P E A K S
O.aiLOCl SSTORE INTENSITIES FOR
0 *60•2 ;r e f  g a s p e a k s
19
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• MAIN NOVA CROSS ASSEMBLER
LINE NO. ERRORS LOC V ALUE
1 3C5 32800 022456
1 30E 32 E 01 041062
1 307 32602 022455
! 13C8 326C3 041064
1 309 32804 002444
(
1310 
1 311
1312
1313 32805 054454
c 131*1 32606 C24455
1315 32607 04 4 4 55
1316 32610 036441
( 1 317 32611 026451
1318 32612 044446
1 319 32613 021400
1320 32614 024450
1 321 32615 04 4 4 50
1322 32616 171000
{ 1 323 32617 014441
132*1 32620 010444
1 325 32621 1754DC
( 132E 32622 0254CC
1 327 32623 124513
1328 32624 OC04C7
i 1 329 32525 122513
1330 32626 000405
1331 32627 121000
r 1332 32630 171000
1333 32631 024433
13 34 32632 044433
f 1335 32633 014425
1338 32634 COC764
1337 32635 0224 30
( 1338 32636 002423
(
1339
1340 ‘
1341 32637 025000
1342 32640 124400
1343 32641 045000
( 134 4 32642 001400
C
1345
1346
1347 
134 8 32643 030403
1349 32644 006044
( 1350 32645 000435
1351 32646 032261
1352 3264 7 077777
( 1353 32650 000000
1354 32651 04CC0C
1355 32652 o o o o o c
r 1358 32653 000000
1357 32654 o o o o o c
1358 32655 o c c o o o
VERSION 2.30 PAGE 29
INPUT LINE 
LOA 0 i3IL0C2
STA 0.62.2
LDA 0.3ILOC 3
STA 0.64.2
JMP 3AUTRT ¡RETURN
¡S/R FINDH FINDS HIGHEST INTENSITY
¡IN I-BUFFER AND RETURNS ITS TIME IN AC-0
¡AND ITS LOCATION IN AC-2
f i n d h :
f n d l p :
STA 3.FRET ¡SAVE RETURN ADDRESS
LDA l.PTBUF
STA 1 » TBUF ¡SET T-BUFFER POINTER
LDA 3.3 AIBUF ¡SET I-BUFFER POINTER
LDA 1 » 2PAC NT
STA 1 »AC NT ¡SET PEAK COUNTER
LDA O.C. 3 ¡GET 1ST INTENSITY
LDA 1 .TBUF ¡GET 1ST TIME
STA l.TSTRE ¡SET POINTER
MOV 3,2
DSZ ACNT ¡DECREMENT PEAK COUNTER
ISZ TBUF ¡INCREMENT POINTERS
INC 3*3
LDA 1.0,3 ¡GET NEXT INTENSITY
SKGTZ 1.1 ¡IS INTENSITY > 0 ?
J M P . ♦ 7 ¡NO IGNORE. ROUND AGAIN
SKGT 1.0 ¡YES.IS CURRENT I > PREVIOUS I ?
JMP . ♦ 5 ¡NO ROUND AGAIN
MOV 1.0 ¡YES STORE AS HIGHEST INTENSITY
MOV 3.2
LDA 1 .TBUF
STA l.TSTRE ¡SAVE TIME FOR CURRENT I
DSZ ACNT ¡END OF BUFFER ?
JMP FNDLP ¡NO ROUNO AGAIN
LDA O.aTSTRE ¡YES.COLECT TIME FOR HIGHEST INTENSITY
JMP 8FRET ¡RETURN
¡S/R HINEG FINDS.NEGATES AND REPLACES 
¡AN INTENSITY AT LOCATION PASSED IN AC-2 
HINEGÎ LDA 1.0.2
NEG 1.1
STA 1.C.2
JMP 0.3
¡PKEQU WRITES THE MESSAGE 
¡"OVERLOAD-REDUCE GAIN" WHEN THE
2.PMGSY
¡"OVERLOAD-REDUCE GAIN!!' 
PKER+2
¡69,131 OR 219
PKEQU : L D A
WRITE
JMP
p m g s y : MGSSY
MXINT : 77777
a u t r t : 0
a t b u f : IBUF
h i n t i : □
HINT2 I 0
h i n t  3 : 0
ILOC1 l 0
19
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(
(
t
i
> (
(
(
*
i
i
L I N E  N O .  E R R O R S  
1  2 5 9  
1  3 E C  
3  3 6 1
1 3 6 2
1 3 6 3  
1  3  E  *l
1 3 6 5
1 3 6 6
1 3 6 7
1 3 6 8
1 3 6 9  
1 3  7 0
1 3 7 1
1 3 7 2
1 3 7 3
1 3 7 4
1 3 7 5
1 3 7 6
1 3 7 7  
3 3 7 8
1 3 7 9
1 3 8 0  
1  3 8 1
1 3 8 2
1 3 8 313 eq
1 3 8 5
1 3 8 6  
1  3 8 7
1 3 8 8
1 3 8 9
1 3 9 0
1 3 9 1
1 3 9 2
1 3 9 3  
1 3 9 * 1
1 3 9 5
1 3 9 6
1 3 9 7
1 3 9 8
1 3 9 9
1 4 0 0
1 4 0 1
1 4 0 2
1 4 0 3
1 4 0 4
1 4 0 5
1 4 0 6
1 4 0 7
1 4 0 8
1 4 0 9
1 4 1 0
1 4 1 1
1 4 1 2
.MAIN NO A CROSS ASSEMBLER V
L O C V  A L U E
3 2 6 5 6 0 0 0 0 0 0
3 2 6 5 7 O C O O O O
3 2 6 6 0 O D O O O D
3 2 6 C 1 0 0 0 0 0 0
3 2 6 6 2 0 3 0 4 1 0
3 2 6 6 3 0 4 1 7 5 5
3 2 6 6 4 O O O O C O
3 2 6 6 5 C O O C C O
3 2 6 6 6 O O O O O C
3 2 6 6 7 0 5 4 4 0 7
3 2 6 7 0 0 2 4 4 0 7
3 2 6 7 1 0 4  4  0 5  5
3 2 6 7 2 0 0 6 0 5 2
3 2 6 7 3 1 2 6 5 2 0
3 2 6 7 4 0 4 4 0 5 7
3 2 6 7 5 0 0 2 4 0 1
3 2 6 7 6 0 0 0 0 0 0
3 2 6 7 7 0 0 0 0 4 2
3 2 7 0 0 0  3 0 4  O C
3 2 7 0 1 0 0 6 0 4 4
3 2 7 C 2 0 0 6 4 0 3
3 2 7 0 3 0 0 2 4 0 1
3 2 7 0 4 0 3 0 0 6 2
3 2 7 0 5 0 3 2 4 1 5
3 2 7 0 6 0 3 2 1 2 3
3 2 7 0 7 0 5 4 4 4 3
3 2 7 1 0 0 2 4 4 4 3
3 2 7 1 1 0 4 4 4 4 3
3 2 7 1 2 0 3 0 4 4 5
3 2 7 1 3 0 2 6 4 4 5
3 2 7 1 4 0 4  4  4  4  7
3 2 7 1 5 1 2 5 1 2 0
3 2 7 1 6 1 3 3 0 C 0
3 2 7 1 7 0 2 4 4 4 2
3 2 7 2 0 1 3 2 4 0 0
3 2 7 2 1 0 2 5 0 4 0
3 2 7 2 2 0 4 4 4 4 0
3 2 7 2 3 0 2 6 4 3 3
3 2 7 2 4 0 4 4 4 3 1
3 2 7 2 5 0 0 6 4 3 7
3 2 7 2 6 0 4 2 4 2 6
3 2 7 2 7 0 1 0 4 2 5
3 2 7 3 0 0 1 4 4 2 5
3 2 7 3 1 0 2 4 4 2 4
3 2 7 3 2 0 2 0 1 0 6
(
"RSION 2.3P PAGE 30
INPUT LINE
IL0C2: 0
IL0C3: C
a c n t : C
FRET : 0
p a c n i : PCNT
p t b u f : MMMMM
tesuf: D
T S T RE : 0
STR 2 : D
¡SUBROUTINE CP AGE CLEARS SCREEN AND GENERATES 
«AUTOMATIC PAGING FOR THE TEKTRONIX VDU UNIT
c p a c e : STA 3.PAGRT ¡SAVE RETURN ADDRESS
LDA 1 * C 3V
STA l.LNCNT ¡SET LINE COUNT TO 3A.
CARLF
SUBZL ltl
STA l.EXTPG
JMP 3PAGRT ¡RETURN
p a g r t : 0
C3A : 34.
.‘SUBROUTINE PKER IS THE ERROR ROUTINE
¡FOR S/R LOCRF WHEN THE REF PEAK IS NOT
¡FOUND WITHIN THE ALLOWED LIMITS.
p k e r : LDA 2 rERRM
WRITE ¡"REF PEAK NOT FOUND-INCREASE
JSR 3PRMES ¡"TYPE *R* WHEN READY"
JMP 3PCALS
pc al s : CALST
p r m e s : REDT
ERRM : S5CAM
¡SUBROUTINE TIMAS CREATES A TABLE OF TIMES
¡ONE FOR EACH MASS OF THE MASS RANGE TO BE
¡SCANNED . THIS TABLE IS USED TO CONVERT SCAN
¡RUN TIMES TO MASSES AFTER EACH SCAN.
t i m a s : STA 3.TIMRT «SAVE RETURN ADDRESS
LDA 1 .PMTMB
STA 1 • PONT R
LDA 2»BUF AF ¡SET HIGHEST CALIB FACTOR
LDA 1.3RPEAK
STA ItTCNT
MOVZL 1.1
ADD 1.2
LDA l.TWO
SUB 1.2
LDA 1»10 * 2 ¡GET HIGHEST MD
STA l.REFMS
LDA l.aHMASP ¡SET TMASS=HIGHEST MASS
STA 1 .MASS
t l o o p : JSR aCALMP
STA 0.8P0NTR ¡STORE TIME IN BUFFER
ISZ PONTR
DSZ MASS
LDA 1 «MASS
LDA D.ST ARM
HAIN NOVA CROSS ASSEMBLER
LINE NO. ERRORS 
I  * 1 1  3
m i
1 1 1 5  1 «! 1 E 
1 1 1 7ni 81 *l 1 9 
1 * 1  2 0  
1 A21 
1  A 2  2  
1 A 2 3 
1 A  2  A 
1 A25 
1 A  2 8 
1 A27 
1 A  2  8  
1 A29 
1A 30 
1 A 31 
1A 32 
1 A 33 
1A3A 
1A 35 
1 A 36 
1 A 37 
1A 3 8 
1 A 39 
1 A A 0 
1 A A1 
1 A A 2 
1 A A 3 
1A A A 
1 A A 5 
1 A A E  
1A A 7 
1A A 8 
1 AA9 
1A50 
1A51 
1A52 
1A53 
1 A 5 A  
1A 55 
1A 56 
1 A 57 
1 A 5 8 
1A 59 
1 A  8 0  
1 A61 
1AE2 
1A63 
1A EA 
1 A 65 
1 A 6 6
LOC VALUE
32733 106512
32 7 3 A OC 2A 16
32735 020A25
32736 12 2 A 1A
32737 OOD7G6
32 7 A 0 01A A 2 3
32 7 A 1 C0DAC3
32 7 A 2 C21CA1
327 A 3 000763
32 7A A 020A15
32 7 A 5 112 A 00
327A 6 D25CAC
327 A 7 DA A A 13
32750 021CA3
32751 000755
32752 COOOCC
32753 03AO0C
32 75 A COCOOO
32755 000000
32756 030210
32757 035500
32760 033102
32761 000002
32762 000000
32763 000000
32 76A 031161
32765 0 5A A 50
32766 006052
32767 030AA7
32770 0060A A
32771 006AA6
32772 002AA3
32773 022A 55
3277A 106513
32775 105000
32776 0A6AA2
32777 OA Al 07
33000 020106
33D01 122513
33002 000 76 A
33003 106A0D
33D0A 125 A CO
33005 020A37
33006 122512
33007 000757
33010 OA A 230
33011 02CA32
33012 107000
33013 OA A 311
3301A 02A107
VERSION 30 PAGE 31•>
i n p u t LINT
SKLE Of 1 JIS NEW MASS<rAO.
JMP ÛTIKRT ;YES-RETURN
LD A DtREFMS ;no
SKEQ 1.0 ¡IS MASS = REF MASS
JMP T LOOP ¡NO-ROUND AGAIN
DS 2 TCNT ¡YES-LAST RET MASS?
JMP .♦3 ¡NO-CHANGE REF MASS
LD A C . 4 1 . 2 ¡ YES
JMP TLOOPtl ¡ROUND AGAIN
LD A 0» TWO
SUB Of 2
LD A 1 f A 0 i 2
ST A 1 fREFMS
LD A OtA3.2
JMP TLOOP+1 ¡ROUND AGAIN
TIMRT: 0
p m t m b : MT MB
PONT R : 0
m a s s : 0
h m a s p  : HMASS
b u f a f : AFACT
r p e a k : REFPC
t w o : 2
REFMS : 0
t c n t : 0
c a l m p : CALMS
¡SUBROUTINE UPTOM WRITES MESSAGE -SCAN UP
; T 0 M = " AND GETS REPLY FROM USER
JAN ARROW RESPONSE CAUSES A NORMAL S/R
¡RETURN OTHERWISE RETURN ♦ 1
u p t o m : STA 3 f URET ¡SAVE RETURN ADDRESS
CARLF
LDA 2 f UMES
WRITE ¡“SCAN UP TO M ="
JSR 3DATRP
JMP 3URET ¡ARROW-NORMAL RETURN
LDA Of8PHIMS
SKGT Of 1 ¡IS MSTOP>HMASS?
MOV Of 1 ¡YES-PUT MSTOP=HMASS
STA 1 f3MST0P ¡NO-CONTINUE
STA 1 » ST OPM
LDA 0 f ST ARM
SKGT If C ;m s t o p >m s t a r t ?
JMP UPTOM+I ¡NO-REPEAT PROMPT
SUB Of 1 ¡YES-CONTINUE
INC 1 »1
LDA OfMRNGE
SKLE lfO ¡MASS RANGEC=MRNGE?
JMP UPTOM+1 ¡HO-REPEAT PROMPT
STA 1 fMCNT ¡YES-STORE RANGE
LDA Of CS1
ADD Of I
STA 1 f WDNUM
LDA 1 1ST OPM
MAIN NOVA CROSS ASSEMBLER
LINE NO. ERRORS LOC VALUE
1 *1E 7 33015 010A20
i q g 8 33016 CC2A17
i q g 9 
1 A 70
i q 7 1
1 A 72 
1 A 7 3 33017 0 5 A A 2 6
1A7A 33020 00A 7 A 5
i q 7 5 33021 002 A2A
1A 76 33022 010A23
1 A 7 7 33023 0 30A 16
1A 7 8 3 30 2 A 0 2 2 A 16
1 A 7 9 33025 101120
1 A 80 33026 113000
1 A81 33027 102520
1 A 82 3303C 10112C
1A 8 3 33031 112A0C
1A 8 A 33032 006A 1 A
1 A 8 5 33033 0A2A1A
1A 86 3303 A CC2A11
1 A87 33035 000000
1A 8 8 33036 031251
1 A89 33037 031132
1A 90 330A0 007601
1 A91 330 Al 035500
1A 92 3 30A 2 C33102
1 A 9 3 330A3 000063
1A 9 A 330A A 001A 00
1A95 3 30 A 5 000000
1A 96 330A6 031161
1A 9 7 330 A 7 030221
1A 9 8 3305 0 030210
1A 99
1500
1501
1502 33051 05AA26
1503 33052 030A 26
150 A 33053 020A27
1505 3305A 126520
150E 33055 OAA A31
1507 33056 123000
1508 33057 0AAA3C
1509 33060 126A00
1510 33061 0A6A22
1511 33062 D21OA0
1512 3306 3 0 A A A 21
1513 3 30 6 A OA OA 21
151 A 33065 006 COA
1515 33066 060A16
1516 33067 02CA15
1517 33070 OA1020
151 8 33C71 1OA 000
1519 33072 10C000
1520 33073 0C6AC6
VERSION 2.30 PAGE 32
INPUT LIME 
ISZ URET
JMP iURCT ; RETURN*!»MSTOP IN AC-1
• SUBROUTINE CHE KM CHECKS THE MASS 
¡RANGE AND UPPER MASS LIMIT IN SCAN. 
¡AN ERROR RESPONSE CAUSES A  NORMAL
; e / r  r e t u r n  o t h e r w i s e  r e t u r n  * i .
c h e k m : s t a 3.RCHEK ;
JSR UPTOM !
JMP 3RCHEK I
IS2 RCHEK
LDA 2.PFACA
LD A 0.3REFPP
MOVZL G.C
ADD C » 2
SUBZL Ot 0
MOVZL 0 • D
SUB Of 2
JSR aPCALM
STA Of aTSTPP
JMP 3RCHEK
u r e t : 0
u m e s : CAL2
d a t r p : DATER
MSTOP : STOM
P F AC a : AFACT
r e f p p : REFPC
C5i : 51.
m r n g e : 768 .
r c h e k : 0
p c a l m : CALMS
t s t p p : TSTOP
p h i m s  : HMASS
¡SUBROUTINE SETAF
¡S/R CONVERTS 1REFERENCE M
¡t o f l o a t i n g  p o i n t
s e t a f : STA 3 fS AV RT
LDA 2 f PAFAC
LDA 0 fREFPC
SUBZL If 1
STA 1 rPASS
ADD ltO
STA 3 f RCNT
SUB lfl
STA 1 f3PCLSY
s l o o p : LDA Ot <iOf 2
STA 1 1MREF
STA OfMREF*1
FETR
FFLO MREF
FLDA 0 tMREF
FST A 0« 201 2
FIC2
FEXT
JSR 8FERRP
¡ R E T U R N S  M S T O P  I N  A C - 1  
¡ U P T O M  D A T E R  E R R O R
; R E T U R N
•SET PASS =1
¡SET RCNT=REFPC*1
¡GET REF MASS 
AC-1-0
¡FLOAT REF MASS
¡BUMP UP AC-2 BY 2
¡CHECK FP FLAGS
19
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•  M A I N N O V A  C R O S S A S S E M 9 L E R
L I N E  N O . E R R O R S  L O C V  A L U E
1 5 2 1 3 3 0 7 * 4 0 1 4 4 1 3
1 5 2 2 3 3 0 7 5 0 0 0 7 6 5
1  5 2 3 3 3 0 7 6 0 0 2 4 0 1
1 5  2  *» 3 3 0 7 7 OCOOOO
1  5 2 5 3 3 1 0 0 0 3 5 5 0 C
1  5 2  C 3 3 1 0 1 0  3  3 4  6 0
i 1 5 2 7 3 3 1 C 2 0 0 0 0 0 6
1 5 2 8 3 3 1 0 3 0 3 0 2 3 3
1  5 2 9 3 3 1 0 * 4 0 0 0 0 0 0
t 1 5 3 0 3 3 1 0 5 0 0 0 0 0 0
1 5 3 1 3 3 1 0 6 OOOOOC
1 5 3 2  
1  5 3 3  
1 5 3 * 1
1 5 3 5
1 5 3 6
1 5 3 7
3 3 1 0 7 O C O O O O
1 5 3 8 3 3 1 1 0 0 5 4 4 3 0
1 5 3 9 3 3 1 1 1 C 2 1 0 4 1
1 5 * 1 0 3 3 1 1 2 . 0 4 0 4 3 1
1 5 * 1 1 3 3 1 1 3 1 0 2 4 0 0
i 1 5 * 1 2 3 3 1 1 * 4 0 4 0 4 2 6
1  5 * 1 3 3 3 1 1 5 0 0 6 0 C 4
1 5 * 1 * 1 3 3 1 1 6 0 6 0 4 2 4
í 1 5 * 4 5 3 3 1 1 7 0 2 0 4 2 3
1 5 * 1 6 3 3 1 2 0 0 2 5 0 2 0
1 5 * 1 7 3 3 1 2 1 0 3 1 0 0 0
f 1 5 * 1  8 3 3 1 2 2 1 4 0 2 0 0
1 5 * 1 9 3 3 1 2 3 1 0 0 2 2 0
1 5 5 0 3 3 1 2 * 4 1 2 D 1 0 C
( 1 5 5 1 3 3 1 2 5 0 4 0 4 1 5
1 5 5 2 3 3 1 2 6 0 7 4 4 1 4
1 5 5 3 3 3 1 2 7 1 0 0 0 0 0
( 1 5 5 * 1 3 3 1 3 C 0 0 6 7 5 1
1 5 5 5 3 3 1 3 1 0 2 4 4 1 2
1 5 5 6 3 3 1 3 2 1 0 2 5 2 0
( ' 1 5 5 7 3 3 1 3 3 1 0 1 1 2 0
1 5 5 8 3 3 1 3 * 4 1 0 6 4 0 0
1 5 5 9 3 3 1 3 5 1 2 4 5 1 3
( 1 5 6 0 3 3 1 3 6 0 0 2 4 0 3
1 5 6 1 3 3 1 3 7 0 0 2 4 0 1
1 5 6 2 3 3 1 * 1 0 0 0 0 0 0 0
1 5 6 3 3 3 1 * 1 1 0 3 3 3 6 3
1 5 6 * 4 3 3 1 * 4 2 0 0 0 0 0 0
(
<
1 5 6 5
1 5 6 6
1 5 6 7
1 5 6 8
1 5 6 9
1 5 7 0
3 3 1 4  3 0 0 0 0 0 0
1 5 7 1 3 3 1 * 4 4 0 4 0 4 3 4
í 1 5 7 2 3 3 1 4 5 0 2 2 4 3 2
1 5 7 3 3 3 1 4 6 0 0 4 5 2 3
r
1 5 7 * 4 3 3 1 4 7 0 1 2 4 2 6
(
VERSION 2.30 PAGE 33
I N P U T L I N E
D S Z R C N T ¡ F L A G S  0 K - R C N T = 0 ?
J M P S L O O P ¡ N O - R O U N D  A G A I N
J M P a S A V R T ¡ Y E S - R E T U R N
S A V R T  : 0
P  A  F  A  c  : A F A C T
F E R R P  : F E R C R
R E F P C : G
P C L S Y  : S Y C A L
m r e f : 0
n
p a s s :
L
0
r c n t  : 0
¡ S U B R O U T I N E  C A L M R
¡ S / R  C A L C U L A T E S M A S S  C O R R E S P O N D I N G
¡ T O  T I M E Z E R O # D E C R E M E N T S I T
¡ B Y  T U O A N D  R E T U R N S  W I T H
¡ R E S U L T I N  A C - 1
c a l m r : S T A 3  »  M R R E T ¡ S A V E  R E T U R N  A D D R E S S
L O  A O f  4 1 , 2
S T A O . T R E F + 1
S U B 0 »  0
S T A
F E T R
O f T R E F ¡ S E T  T I M E  = L  A S T  R E F  T I M E
F F L O T R E F ¡ F L O A T  R E F  T I M E
F L O  A 0 » T R E F
F L D  A 1 # 2 C # 2 ¡ G E T  R E F  M A S S
F L D  A 2 * 0 * 2 • G E T  A - F A C T O R
F D I V 2 * 0
F E X P 0 * 0
F M P Y 1 * 0
E S T À 0 » T R E F
F F I X
F E X T
T R E F ¡ C O N V E R T  T O  I N T E G E R
J S R 3 F E R R P ¡ C H E C K S  F P  F L A G S
L D A l . T R E F ^ l ¡ F L A G S  O K
S U B Z L 0 * 0
M O V Z L 0 * 0
S U B 0 * 1 ¡ M = M - 2
S K G T Z 1 * 1 ¡ I S  M > O T
J M P 5 P E M S G ¡ N O - E R R O R  H A L T
J M P 3 M R R E T ¡ Y E S - R E T U R N
M R R E T : 0
p e m s g : E R M S G
t r e f : 00
¡ S U B R O U T I N E  S E T N O
; s / r  I S U S E D I N  D I S K  D U M P . S E T S F I R S T  T W O
¡ L O C A T I O N S  I N : F I R S T  B U F F E R  T O N E G A T I V E  O F
¡ T O T A L B L O C K C O U N T  A N D  W O R D
¡ C O U N T I N  L A S T  B U F F E R .
s e t n o : S T A 0 »  M M B U F  ¡ S A V E W O R D  C O U N T
L D A C . 3 P A B U F
J S R D R I T E  ¡ W R I T E  L A S T  T W O  B L O C K S
I S Z 3 P C T B F
19
9
•  M  A I  t i N O V A  C R O S S A S S E M 9 L E R
L I N E  N O . E R R O R S  L O O V  A L U E
1 1 5 7 5 3 3 1 5 0 0 2 0 * 1 * 1 0
1 5 7 6 3 3 1 5 1 0 * 1 0 * 1 2 3
1 5 7 7 3 3 1 5 2 0 2 0 * 1  3 7
( 1 5 7 8 3 3 1 5 3 0 * 1 0 * 1 3 5
1 5 7 9 3 3 1 5 * 1 0 2 2 * 1 3 7
1 5 8 0 3 3 1 5 5 0 0 * 1 5 1 6
1 1 5 8 1 3 3 1 5 6 0 3 2 * 1 3 5
1 5 8 2 3 3 1 5 7 0 2 2 4 1 6
1 5 8 3 3 3 1 6 0 1 0 0 * 1 0 0
( 1 5 8 < l 3 3 1 6 1 0 4 1 0 0 0
1 5 8 5 3 3 1 6 2 0 2 0 4 1 6
1 5 8 6 3 3 1 6 3 1 0 0 4 0 0
( 1 5 8 7 3 3 1  6 * 1 0 4 1 0 0 1
1 5 8 8 3 3 1 6 5 0 2 0 4 2 4
1 5 8 9 3 3 1 6 6 0 4 0 4 2 2
( 1 5 9 0 3 3 1 6 7 0 2 2 4 2 4
1 5 9 1 3 3 1 7 0 0 0 4 5 0 1
1 5  9 2 3 3 1 7 1 0 2 0 4 0 3
1 1 5 9 3 3 3 1 7 2 0 4 0 4 1 6
1 5  9 * 1 3 3 1 7 3 G Q 2 4 0 3
1 5 9 5 3 3 1 7 * 1 O O D O O O
( 1 5 9 6 3 3 1 7 5 0 3 0 2 2 6
1 5 9 7 3 3 1 7 6 0 0 0 0 0 0
1 5 9 8 3 3 1 7 7 0 3 0 4 0 7
f 1 5 9 9 3 3 2 0 0 0 0 0 0 0 0
1 6 0 0 3 3 2 0 1 O O O O O C
1 6 0 1 3 3 2 0 2 O O O O O C
( 1 6 0 2 3 3 2 0 3 0 0 0 0 0 0
1 6 0 3 3 3 2 0 * 1 0 3 0 3 3 2
1 6 0 * 1 3 3 2 0 5 0 3 0 3 3 5
( 1 6 0 5
3 3 2 0 6 0 3 0 3 3 3
1 6 0 6 3 3 2 0 7 0 3 0 4 4 3
1 6 0 7 3 3 2 1 0 0 0 0 0 0 0
( 1 6 0 8 3 3 2 1 1 0 0 0 0 1 0
1 6 0 9 3 3 2 1 2 0 5 6 4 4 2
1 6 1 0 3 3 2 1 3 0 4 0 0 0 2
(
(
1 6 1 1
1 6 1 2
1 6 1 3
1 6 1 * 1
1 6 1 5
3 3 2 1 * 1 0 4 0 0 0 3
1 6 1 6 3 3 2 1 5 0 5 4 7 6 5
(
1 6 1 7 3 3 2 1 6 0 2 0 7 7 3
1 6 1 8 3 3 2 1 7 0 4 0 7 7 1
1 6 1 9 3 3 2 2 0 0 2 2 7 7 3
( 1 6 2 0 3 3 2 2 1 0 4 2 7 6 3
1 6 2 1 3 3 2 2 2 1 2 6 4 0 0
1 6 2 2 3 3 2 2 3 0 4 6 7 6 3
( 1 6 2 3 3 3 2 2 * 1 0 0 4 4 4 7
1 6 2 * 1 3 3 2 2 5 0 3 2 7 6 6
1 6 2 5 3 3 2 2 6 0 2 1 0 0 0
(
1 6 2 6 3 3 2 2 7 1 0 1 4  C O
1 6 2 7 3 3 2 3 0 1 0 0 4 0 0
1 6 2 8 3 3 2 3 1 0 4 0 7 5 0
VERSION 2.30 PACE 3*1
I N P U T L I N E
L D  A 0 *  C B L O K  ¡ G E T  N E X T  B L O C K  N U M B E R
S T A 0 . H C B L K  ¡ S T O R E  I T
L D A D  »  N B L O K
S T A 0 . C B L O K  ¡ S E T  C B L O K = N B L O K  1 S T  B L O K  W R I T T E N
L D A 0 . 3 3 U F 1 P
J S R D R E A D
L D A 2  t  S B U F 1 P
L D A O . S P C T B F
N E G D . C  ¡ S T O R E  N E G A T I V E  O F  B U F F E R  C O U N T
S T A 0  *  C  * 2  ¡ A S  F I R S T  L O C  I N  F I R S T  B U F F E R
L D A D  * M M B U F
N E G 0 * D  ¡ S T O R E  - V C  O F  W O R D  C O U N T  I N  L A S T
S T A 0 * 1 * 2  ¡ B U F F E R  A S  2 N D  L O C  I N  1 S T  B U F F E R
L D A D . N B L O K
S T A D . C B L O K
L D A 0  *  D B U F 1 P
J S R D R I T E  ¡ W R I T E  B U F F E R  B A C K  T O  D I S C
' L D A 0 . H C B L K
S T A D . C B L O K  ¡ R E S T O R E  C B L O K
J M P 3 M A G S T .
h c b l k : D
p c t b f : C T B U F
m a g s t : D
p a b u f : A B U F
m m b u f : 0
b l k c t  : 0
r e t d s : □
b u f m : 0
b u f p : P B U F
b u f n : N B U F
p t m a g : M A G P T
f t n d p : I N P 1
c b l o k : C
n b l o k : 1 0
d s c i o : 5 6  *« *4 2
b u f i p : B U F I
b u f 2 p : B U F 2
¡ S U B R O U T I N E  O S C A N
¡ S / R  I S  U S E D  I N  D I S K  D U M P  T O  R E A D  T H E  
¡ B U F F E R S  B A C K  F R O M  D I S K E T T E  A N D  C A L L  
¡ S / R  P F I N D  T O  L O C A T E  T H E  P E A K S .  
d s c a n : STA 3 . RETDS
LDA 0 » NBLOK
STA QtCBLOK
LDA 0 . 3 B U F 1 P
STA C.3BUFP
SUB 1*1
STA 1 .SPTMAG
JSR DREAD
LDA z . a e u F i p
LDA 0 * 0 * 2
INC 0* 0
NEG 0 * 0
STA 0 .BLKCT
¡ S E T  M A G P T  =  0  
¡ R E A D  I N  F I R S T  B U F F E R
¡ S E T  B L O C K  C O U N T E R
20
0 M A I M N O V A  C R O S S  A S S E M 9 L E R
L I N E  N O . E R R O R S L O C V A L U E
1 E  2 9 3 3 2 3 2 0 2 1 0 0 1
1 C 3 C 3 3 2 3 3 1 0 0 4 0 0
1 6 3 1 3 3 2 3 4 0 4 0 7 4 7
1 6 3 2 3 3 2 3 5 0 2 2 7 5 0
1 6 3 3 3 3 2 3 6 0 0 6 7 5 1
1  E  3  A 3 3 2 3 7 0 1 4 7 4 2
1 6 3 5 3 3 2 4 0 0 0 0 4  0 2
1  E  3 6 3 3 2 4  1 0 0 C 4 2 C
1 6 3 7 3 3 2 4 2 0 2 2 7 5 2
1 E  3  8 3 3 2 4 3 0 4 2 7 4 1
1 6 3 9 3 3 2 4 4 0 0 4 4 2 7
1 6 4 0 3 3 2 4 5 0 2 2 7 4 0
1 6 4 1 3 3 2 4 6 0 0 6 7 4 1
1 6 4 2 3 3 2 4  7 0 1 4 7 3 2
1 6 4  3 3 3 2 5 0 0 0 0 4 0 2
1 E  4  4 3 3 2 5 1 0 0 0 4 1 0
1 6 4 5 3 3 2 5 2 0 2 2 7 4 1
1 6 4 6 3 3 2 5 3 0 4 2 7 3 1
1 6 4 7 3 3 2 5 4 0 0 4 4 1 7
1 6 4  8 3 3 2 5 5 0 2 2 7 3 0
1 6 4 9 3 3 2 5 6 0 0 6 7 3 1
1 6 5 C 3 3 2 5 7 0 1 4 7 2 2
1 6 5 1 3 3 2 6 0 0 0 0 7 6 2
1 6 5 2 3 3 2 6 1 0 2 2 7 3 2
1 6 5 3 3 3 2 6 2 0 4 2 7 2 2
1 6 5 4 3 3 2 6 3 0 0 4 4 1 0
1 6 5 5 3 3 2 6 4 0 2 0 7 1 7
1 6 5 6 3 3 2 6 5 0 0 6 7 2 2
1 6 5 7 3 3 2 6 6 0 2 0 7 0 6
1 6 5 8 3 3 2 6 7 0 4 0 7 2 2
1 6 5 9 3 3 2 7 0 0 0 2 7 1 2
1 6 6 C 3 3 2 7 1 1 2 6 5 2 0
1 6 6 1 3 3 2 7 2 0 0 0 4 0 2
1 6 6 2 3 3 2 7 3 1 2 6 4 0 0
1 6 6 3 3 3 2 7 4 0 5 4 4 1 2
1 6 6 4 3 3 2 7 5 0 3 0 4 1 2
1 6 6 5 3 3 2 7 6 0 4 1 0 0 3
1 6 6 6 3 3 2 7 7 0 2 0 7 1 1
1 6 6 7 3 3 3 0 0 0 4 1 0 0 1
1 6 6 8 3 3 3 0 1 0 1 0 7 0 7
1 6 6 9 3 3 3 0 2 0 1 0 7 0 6
1 6  7 0 3 3 3 0 3 0 0 6 7 0 7
1 6 7 1 3 3 3 0 4 0 0 6 6 3 5
1 6 7 2 3 3 3 0 5 0 0 2 4 0 1
1 6 7 3 3 3 3 0 6 0 0 0 0 0 0
1 6  7 4 3 3 3 0 7 0 3 3 3 1 C
1 6 7 5 3 3 3 1 0 O O D O O C
1 6  7 6 3 3 3 1 1 C C O O O O
1 6 7 7 3 3 3 1 2 0 0 0 0 0 2
1 6 7 8 3 3 3 1 3 0 0 0 0 0 0
1 6 7 9  
1 6  8 0  
1 6 8 1  
1 6 8 2 3 3 3 1 4 0 5 4 4 1 7
VERSION 2.3D PAGE 35
I N P U T L I N E
L D A D i l  i 2
N E G D i O
S T A O i B U F M  ¡ S E T  W O R D  C O U N T  I N
L D A O t a B U F N  ¡ L A S T  B U F F E R
J S R S F I N D P  ¡ L O C A T E  P E A K S
D S Z B L K C T  ¡ B U F F E R  C O U N T E R  =  0 ?
J M P . ♦ 2  ¡ N O - C O N T I N U E
JMP E N D S C  ¡ N O - E N D  O F  S P E C T R U M
d e n t r : L D A 0 i 9 B U F 2 P
S T A C . a S U F P
J S R D R E A D  ¡ G E T  T W O  N E W  B L O C K S
L D A 0 » a B U F N
J S R S F I N D P  ¡ L O C A T E  P E A K S
D S Z B L K C T  ¡ B U F F E R  C 0 U N T E R = 0 ?
J M P . ♦ 2  ¡ N O - C O N T I N U E
J M P E N D S C  ¡ Y E S - E N D  S C A N
L D A O t a B U F l P  .
S T A O i S B U F P
J S R D R E A D  ¡ G E T  T W O  N E W  B L O C K S
L D A C i B B U F N
J S R 3 F I N D P  ¡ L O C A T E  P E A K S
D S Z B L K C T  ¡ B U F F E R  C O U N T E R E D ?
J M P D E N T R  ¡ N O - R O U N D  A G A I N
e n d s c : L D A 0 . 8 B U F 1 P  ¡ L A S T  B U F F E R  S E C T I O N
S T A O t a B U F P
J S R D R E A D  ¡ G E T  L A S T  T W O  B L O C K S
L D A O i B U F M  ¡ G E T  W O R D  C O U N T
J S R 3 F I N D F  ¡ L O C A T E  P E A K S
L D A C i H C B L K
S T A D i N B L O K  ¡ R E S E T  N B L O K
J M P 3 R E T D S  ¡ R E T U R N
d r i t e : S U B Z L l i l  ¡ D I S K  W R I T I N G  S / R
J M P . ♦ 2  ¡ F O R  D I S K  D U M P
d r e a d : S U B l i l  ¡ D I S K  R E A D I N G  S / R
S T A 3 • S E T R T  ¡ F O R  D I S K  D U M P
L D A 2 i S T  A C K
S T A D i  3 # 2  ¡ A C - 0  C O N T A I N S  A D D R E S S
L D A D i C B L O K
S T A 0 11 12
I S Z C B L O K
I S Z C B L O K
J S R S D S C I O
J S R 3 P E M S G  ¡ E R R O R  H A L T - D I S K  F U L L
J M P S S E T R T  ¡ R E T U R N
s e t r t : 0
s t a c k : .♦1
0 ¡ D R I V E  U N I T
0 ¡ S T A R T I N G  B L O C K
2 ¡ N O .  O F  B L O C K S  X F E R R E D
0 ¡ 1 S T  A D D R E S S  X F E R R E D
¡ S U B R O U T I N E  P R C A L
¡  S / R  W R I T E S  C A L I B R A T I O N  F A C T O R
¡ M E S S A G E A N D  V A L U E  T O  O U T P U T  D E V I C E
p r c a l : S T A 3 i P R R E T  ¡ S A V E  R E T U R N  A D D R E S S
20
1 .MAIN NOVA CROSS
LINE NO. ERRORS LOC
1683 33315
1684 33316
1685 33317
: 1686 33320
1687 33321
1 6 8 E 33322
1 1689 33323
1E9C 33324
1691 33325
! 1692 33326
1693 33327
1694 33330
( 1695 33331
1696 33332
1697 33333
1698
1699
1700
33334
! 1701
1702 33335
1703 33336
1 704 33337
1705 33340
1706 33341
, 1707 33342
170 8 33343
1709 33344
( 1710 33345
1711 33346
1712 33347
( 1713 33350
1714 33351
1715 33352
f 1716 33353
1717 33354
1718 33355
( 1719 33356
1720 33357
1721 33360
( 1722 33361
1723
1724
33362
( 1725
1726
1727 33363
c 172 8 33364
1729 33365
1730 33366
l 1731 33367
1732 33370
1733 33371
1. 1734 33372
1735
1736
(
ASSEMBLER
V ALUE
025040
006 04 E
006053
C 25 041
006046
0 06 05 3
025060
006046
00 60 5 3
026406
124512
006046
006C52
002401
OOOOOC
030205
054425 
032420 
006262 
030417 
006123 
020416 
123000 
024410 
106513 
1 2 1 0 0 0  
024412 
122513 
1 2 1 0 0 0  
04 24 03 
0024 07 
000004 
030537 
030206 
005670 
0 0 0 0 0 2  
000036 
000000
054405
030405
006044
006404
002401
000000
032213
032415
VFRSION 2.30 PACE 36
INPUT LINE
LDA 1» AO» 2
NUMOU ¡PRINT MASS
T ABTY
LDA 1 » A 1 » 2
NUMOU ¡PRINT TIME
T ABTY
LDA 1.60.2
NUMOU ¡PRINT INTENSITY
T ABTY
LDA 1» DPAAFX
SKLEZ ltl ¡IS SLOPE=D?
NUMOU ¡NO
CARLF ¡YES
JMP apRRET ¡RETURN
p r r e t : D
p a  a f x  : A AFX
»SUR OUTINE SETS W
;s /r SETS; WINDOW SIZE FOR
ÎS/R PFIND AND CHECKS SCAN RATE
s e t s w : STA 3 »SRETN ¡SAVE RETURN ADDRESS
LDA 2.3PSPED ¡GET SCAN SPEED
JSR 3MULTY ¡SCAN RATE IN AC-1
LDA 2.C3000
JSR SDIVIO
LDA O.CTWO
ADD l.C
LDA 1 .CFOUR
SKGT C»I ¡WINDOW>A?
MOV 1.0 ¡NO—SET=A
LDA 1.PTSIZE
SKGT 1.0 ¡WINDOW>BUFFER SIZE?
MOV 1.0 ¡YES-SET=TSIZE
STA o.apsizw
JMP SSRETN ¡RETURN
c f o u r : A
p s i z w : SIZEW
p s p e o : SSPED
c 3 o o d : 3C0D .
c t w o : 2
p t s i z e : 30.
s r e t n : 0
¡SUBROUTINE ERMSG IS A GENERAL ERROR ROUTINE
¡WHICH WRITES THE MESSAGE "ERROR HALT". IT ALSO
¡ENABLES PROGRAM RESTART FROM A NON-FATAL ERROR
e r m s g : STA 3.EMRET ¡SAVE RETURN ADDRESS
LDA 2.EMES1
WRITE ¡"ERROR HALT"
JSR 3PTRED ¡"TYPE *R* WHEN READY"
JMP 3EMRET ¡RETURN AFTER RESTART
EMRET I 0
EMES1: ERMI
p t r e d  : REDY
»SUBROUTINE SET CL CALCULATES S PRINTS THE TABLE 
• OF CALIBRATION MASSES AND TIMES FOR THE
20
2 . M A I M N O V A  C R O S S A  S S E M D L E R
L I N E  N O . E R R O R S  L O C V A L U E
1 7 3 7
1 7 3 8
1 7 3 9
1  7 * 1 0
1 7 * 1 1 3 3 3 7 3 0 5 4 4 6 3
1  7 * 1 2 3 3 3 7 * 1 0 3 6 4 5 5
1  7 * 1 3 3 3 3 7 5 0 5 4 4 5 2
1 7 * 1 * 1 3 3 3 7 G 1 7 6 5 2 0
1 7 * 1 5 3 3 3 7 7 1 7 4 4 0 0
1  7 * 1  G 3 3 * 1 0 0 0 5 4 4 4 6
1 7 1 7 3  3 * 1 0 1 0 0 6 4 5 3
1  7 * 1  8 3 3 * 1 0 2 0 4 6 7 3 2
1 7 1 9 3 3 * 1 0 3 0 0 4  7 1 1
1  7 5 0 3 3 * 1 0 * 1 0 1 4 4 4 3
1 7 5 1 3 3 * 1 0 5 0 0 0 4  0 4
1 7 5 2 3 3 4 C 6 1 7 6 4 0 0
1 7 5 3 3 3 * 1 0 7 0 5 6 7 2 5
1  7 5 * 1 3 3 * 1 1 0 0 0 0 4 1 1
1 7 5 5 3 3 * 1 1 1 0 3 4 4 3 5
1  7 5 6 3 3 * 1 1  2 1 7 5 4 0 0
1 7 5 7 3 3 * 1 1 3 0 5 4 4 3 3
1  7 5  B 3 3 * 1 1  *1 1 7 4 5 1 2
1 7 5 9 3 3 1 1 5 0 0 0 4 0 4
1  7 6 0 3 3 * 1 1 6 1 5 1 4 0 0
1 7 6 1 3 3 * 1 1 7 1 5 1 4 0 0
1 7 6 2 3 3 * 1 2 0 0 0 0 4 1 4
1 7 6 3 3 3 * 1 2 1 0 2 5 0 4 4
1 7 6 * 1 3 3 * 1 2 2 0 0 6 4 3 C
1 7 6 5 3 3 * 1 2 3 1 5 1 4  O C
1 7 6 6 3 3 * 1 2 * 1 1 5 1 4 0 0
1 7 6 7 3 3 * 1 2 5 0 5 0 4 2 3
1 7 6  8 3 3 4 2 6 C C 6 4 2 7
1 7 6 9 3 3 4 2 7 0 0 6 4 2 4
1 7 7 0 3 3 4 3 0 1 4 1 0 0 0
1 7 7 1 3 3 4 3 1 0 3 0 4 1 7
1 7 7 2 3 3 4 3 2 0 4 1 0 6 2
1 7 7 3 3 3 4 3 3 0 4 5 0 4 3
1 7 7 * 1 3 3 4 3 4 0 2 1 C 4 I
1 7 7 5 3 3 4 3 5 0 2 5 0 4 3
1 7 7 6 3 3 4 3 6 0 3 4 4 1 1
1 7 7 7 3 3 4 3 7 1 7 5 0 0 4
1 7 7 8 3 3 4 4 0 O O C 7 4 1
1 7 7 9 3 3 4 4 1 0 0 6 4 1 6
1 7 8 0 3 3 4 4 2 1 7 6 5 2 0
1 7 8 1 3 3 4 4 3 1 7 5 1 2 0
1  7 8 2 3 3 4 4 4 1 7 2 4 0 0
1 7 8 3 3 3 4 4 5 0 0 2 4 1 1
1 7 8 * 1 3 3 4 4 6 0 0 0 0 0 0
1 7 8 5 3 3 4 4 7 0 0 0 0 0 0
1 7 8 6 3 3 4 5 0 0 0 0 0 0 0
1 7 8 7 3 3 4 5 1 0 3 3 1 0 2
1 7 8 8 3 3 4 5 2 0 3 1 1 6 1
1 7 8 9 3 3 4 5 3 0 3 2 7 0 0
1 7 9 0 3 3 4 5 4 0 3 1 1 0 1
i
VERSION 2.30 PAGE 37
I N P U T  L I N E
C A L I B R A T I O N  R U N .  T H E  S / R  I S  E N T E R E D  W I T H :
A C C  C O N T A I N I N G  1 S T  R E F  T I K E  
A C 1  C O N T A I N I N G  2 N D  R E F  T I M E  
A C 2  C O N T A I N I N G  A - F A C T O R  B U F F E R  P O I N T E R  
S E T C L :  S T A  3 » R S  E T  ¡ S A V E  R E T U R N  A D D R E S S
L D A  3 » 2 N R E F P
S T A  3 . N P R E F
S U B 2 L  3 . 3
N E G  3 . 3
S T A  3 . T F L A G
JSR aPCALC ¡CALCULATE A-FACTOR
S T A  1 . 3 F A A F X
J S R  P R C  A L  ¡ P R I N T  C A L I B  F A C T O R
D S Z  N P R E F
J M P  . + 4
S U B  3 . 3
S T A  3 . 3 P A A F X
J M P  . + 1 1
L D A 3 . T F L A G
I N C 3 . 3
S T A 3 . T F L A G
S K L E Z 3 * 3
J M P •  ♦  A
I N C 2 * 2
I N C 2 . 2
J M P S E T L P
L D A 1  »  A M  •  2
J S R 3 P T C L M
I N C 2 . 2
I N C 2 . 2
S T A 2 . S T W 0
J S R 8 P T L R F
J S R 3 P K E R P
M O V 2 . 0
L D A 2 .  S T  W O
S T A 0 * 6 2 . 2
S T A 1 . 4 3 , 2
s e t l p : L D A 0 . 4 1 . 2
L D A 1 * 4 3 . 2
L D A 3 * N P R E F
S K Z E R 3 . 3
J M P S E T  C L + 6
J S R d C A L P R
S U B Z L 3 * 3
M O V Z L 3 * 3
S U B 3 * 2
J M P 3 R S E T
t f l a g : 0
n p r e f : 0
s t w o : 0
n r e f p : R E  F  P C
p t c l m : C A L M S
p k e r p : P K E R
p c a l c : C A L C A
¡ I S  T F L A G > 0 ?
¡ Y E S
¡ N O
¡ C A L C U L A T E  N E X T  T I M E
¡ A C - 1  C O N T A I N S  N E W  T I M E  
¡ F I N D  A C T U A L  T I M E  
¡ E R R O R  R O U T I N E
¡ R O U N D  A G A I N
•MAIN NOVA CROSS ASSEMRLER
L I N E  NO. ERRORS
1791
1792
179 3  
1 7 2<J 
1 7 9 S
1796
1797
17 9 8
17 9 9  
1 80C 
1801 
1 8C2 
1 80 3  
1 80*1 
18 0 5  
18C6 
1807  1 80 8
18 0 9
1810  
1811 
1 812 
18 1 3  l si q
18 1 5
1816
18171818
18 1 9
1820 
1821  
1822
18 2 3
38211
1825
1826  
182  7 
182 8 
182 9
1830
1831 
383 2  
1 8 3 3  
1831  
1 835 
1836
LOC V ALUE
3 34 55 0 3 1 6 5 4
3 34 56 ocooco
3 34 57 0 3 3 3 1 4
3 34 60 0 5 4 4 1 2
33461 0 5 0 4 1 2
33 46 2 0 0 6 1 5 5
3 3 4 6 3 00 0 4C 3
33464 0 3 0 4 0 7
3 3 4 65 0 0 2 4 0 5
3 3 4 6 6 0 3 0 4 0 3
3 3 4 6 7 0 0 6 0 4 4
3 3 4 7 0 0 0 6 2 4 0
3 34 71 0 3 2 2 7 5
33 47 2 0 0 0 0 0 0
3 3 4 7 3 OOOOOC
0 3 4 0 0 0
00 1 50 C
0 0 0 0 2 0
3 5 5 2 0  D 111 05
355 21  DOOOOD
3 5 5 2 2  0*11203
3 5 5 2 3  0 0 0 0 0 0
35 5 2  *1 0 4 1 3 3 3
3 5 5 2 5  0 0 0 0 0 0
3 5 5 2 6  0 4 1 4 3 1
3 5 5 2 7  1 6 0 0 0 0
3 5 5 3 0  0 4 1 4 3 5
3 55 31  OQQOCO
3 5 5 3 2  0 4 1 4 3 7
3 5 5 3 3  0 6 0 0 0 0
3 5 5 3 4  0 4 1 4 4 4
3 5 5 3 5  OQQQOQ
3 5 5 3 8  0 4 1 4 4 6
3 5 5 3 7  0 6 0 0 0 C
3 5 5 4 0  0 0 0 1 0 5
35541  OOOOOC
3 5 5 4 2  0 0 0 2 0 3
3 5 5 4 3  0 0 0 0 0 0
3 55 44  0 0 0 3 3 3
3 5 5 4 5  0 0 0 0 0 0
3 5 5 4 6  0 0 0 6 3 6
VrRSION 2.3D PAGE 38
INPUT LINE
p t l r f : l o c r f
r e f t : c
CALPR: PRCAL
¡SUBROUTINE FEROR CHHEKS THE FLOATING POINT 
¡ERROR FLAGS USING S/R CHEKF OF ISOTOPE SECTION. 
¡IT IS  USED EACH TIME AN EXIT IS MADE FROM THE 
¡FP INTERPRETER.IF THE FLAGS ARE OK A NORMAL
¡RETURN IS MADE WITH AC2 UNCHANGED.
¡IF ANY FLAGS ARE SET AN ERROR MESSAGE IS
¡OUTPUT AND RETURN MADE TO THE MAGNOVA PROMPT
f e r o r : STA 3 » FERET
STA 2 t AC 2
JS R aCHEKF ¡CHECK FP FLAGS
JMP .♦3 ¡FLAGS NOT OK
LOA 2 r AC2 ¡FLAGS OK-EXIT.
JMP fiFERET
LDA 2.YYMES
WRITE ¡"FLOATING POINT ERROR"
JSR aPMGSC ¡RETURN MAGNOVA START.
YYMES i MGSYY
f e r e t : 0
AC2 : 0
.LOC 3A00C
m tmb : .BLK 1 5 0 0
¡THIS BUFFER IS USED TO STORE THE TIMES 
¡FROM THE TABLE GENERATED IN CALIBRATE 
¡FOR TIME TO MASS CONVERSION.
¡CALIBRATION REFERENCE PEAK DATA (A-F ACTOR I TABLE 
AFACT: .BLK 2C ¡CALIBRATION IA-JFACTORS
69.C ¡FLOATING POINT REF CAS MASS VALUES
131.0 
219.D 
A1A.0 
A 6 A  . 0
502.0
576.0 
61M. 0
69. ¡REF PEAK MASSES
0 ¡AND TIMES
131 .
0
219.0AIR .
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4 .MAIN NOVA CROSS ASSEMBLER
LINE NO. ERRORS LOC V ALUE
1 B 3 7 355*17 0 0 0 0 0 0
1 83B 3 5 5 5 0 0 0 0 7 2 0
18 39 35551 0 0 0 0 0 0
1 B*i 0 3 5 5 5 2 0 0 0 7 6 6
18*11 3 5 5 5 3 0 0 0 0 0 0
18 *2 3555*1 0 0 1 1 0 0
1 8*13 3 5 5 5 5 OOOODC
18*1*1 3 5 5 5 6 0011*16
18 4 5 3 5 5 5 7 0 0 0 0 0 0
18*16 0 0 0 0 2 0
18*17
1 8*1 B
18*19 0*10000
185 0 *10000 0*1000*1
1851 *10001 0*11755
1 852 0*11755
1 8 5 3 «10002 0*13725
1 85*1 0*13725
1 8 5 5 <10003 0*1*1725
1 856 0*1*1725
18 5 7 0 0 5 7 2 1
1 8 5 8 0*15 725
18 5 9 000*1 51
1860 0 *16*101
1861
(
VERSION 2.30 PACE 39
0<4 64 . 
C
502.0
576.D6m .0
.•SYSTEM
iour:
m b u f :
b u f i :
BUF2 :
AVEP.B =
INPUT LINE
.BLK 20 • REF PEAK INTENS BUFFER
BUFFERS FOR S/R 
.LOC ><0000
PFIND AND AV. PEAK INTENS.
.♦«1 iINTENSITY BUFFER POINTER
MMMMM « MASS BUFFER POINTER
MMMMMr .*1003. -
BB8BB
BB BB B- f 2002 •
«BUFI POINTER
CCCCC ÎBUF2 POINTER
CCCCC-.+2513.
•BLK 3025.
. :av pk i n t e n s  p o i n t e r
.BLK 300.
USAR= . » FLOATING POINT SCRATCH PAD
.END
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